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(PART FOUR) 



CHAPTER XXI 



CBBOMltlU, UOLTBDBNDU, TUHOSTEM, URANIDH, AXD HAKOAHBSE 

SVLPHUB, Belenium, and lellarium belong to the uneven series of tha 
sixth group. In the even series of this group there are known chro- 
mium, molybdenum, (un^«»n, and uranium ; these givo aoid oxides 
of the type ROj, like SOj. Their acid properties are less sharply 
defined than those of sulphur, selenium, and tellurium, as is the case 
with all elements of the even series as compared with those of the 
uneven series in the same group. But still the oxides CrOj, MoOj, 
WO,, and even UOj, have ciearly defined acid properties, and form 
salts of the composition M0,nR03 with liases MO. In the case of the 
heavy elements, and especially of uranium, the type of oxide, UOj, 
is less acid and more basic, because in the even series of oxides tba 
element with the highest aUimic weight always acquires a moro and 
more pronounced basic character. Hence UO) shows the properties of 
a base, and gives salts UOiX,. The basic properties of chromium, 
molybdenum, tungsten, and uranium are most clearly expressed in ths 
lower oxides, which they'all form. Thus chromic oxide, CrjOj, is as 
distinct a base as alumina, AI,0]. 

0( all these elements chromium is the most widely distributed 
and the most frequently used. It gives chromic anhydride, CrO,, and 
chromic oxide, CrjOj — two compounds whose relative amounts of 
oxygen stand in the ratio 2:1. Chromium is, although somewhat 
rarely, met with in nature as a compound of one or the other type. 
The red chromium ore of the Urats, lead chromate or crocoislte 
PbCrO,, was the source in which chromium was discovered, by 
Vauquelin, who gave it this nnme (from the Greek word signi^ring 
colour) owing to the brilliant colours of its compounds ; the chromat«s 
(salts of chromic anhydride) are red and yellow, and the chromic SJtlts 
(from CfjO,) green and violet. The red lend chroinato is, however, & 
mre cbramiam ore found only in the Urals and in a few other locniities. 
Chromic oxide, CtiOj, is more frequently met with. In small quantities 
ik terns the colouring nutter of moay minerals and rocks— for example, 
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of some serpentineii. The commonest ore, and the chief source of the 
chromium compounds, is the chrome iron ore or chromitc, which occurs 
in the Urals ' And Asia Minor, California, Australia, and other 
localttiei. This la oingnetic iron ore, FeO,Fe,03, in which the ferric 
oxido is replaced by chromic oxide, its composition being FeO.CrjOj. 
Chrome iron ore crystallises in octahedra of sp. gr. 4-4 , it has a feeble 
metallic lustre, is of n greyish-black colour, and gives a brown powder. 
It is very feebly acted on by acids, but when fused with potassium 
Add sulphate it gives a soluble mass, which contains a chromic salt, 
besides potassium sulphate a,nd ferrous sulphate. In practice the 
treatment of chrome iron ore is mainly carried on for the preparation 
of chromntes, and not of chromic aaits, and therefore we will trace the 
history of the element by beginning with chromic acid, and especially 
with the working up of the chrome iron ore into poCasnum dichroiiiate, 
KtCr,0,. as the most common salt of this acid. It must be remarked 
that chromic anhydride, CrOj, is only obtained in an anhydrous state, 
and is distinguished for its capacity [or easily giving an hydro-salts 
vith the alkalis, containing one, two, and even three equivalents of the 
anhydride to one oi]uivalent of base. Thus among the potassium salts 
there is known the normal or yellow chromate, KjCrO,, which corre- 
sponds to, and b perfectly isomorphous with, potassium sulphate, easily 
forms isomorphous mixtures with it, and is not therefore suitable for a 
process in which it is necessary to separate the salt from a mixture 
containing sulphates. As in the presence of a certain excess of acid, 
thedichromate, K,CrjOj = 2K,CrOi + ^HX - 2KX - HjO, is easily 
formed from K,CrO„ (he object of the manufacturer is to produce 
such a dichromate, the more so as it contains a larger proportion of the 
elementa of chromic acid than the normal salt. Finely-ground chrome 
iron ore, when heated with an alkali, absorbs oxygen almost as easily 
(Chapter III., Note 7) as a mixture of the oxides of manganese, with 
ui alkali. This absorption is due to the presence of chromic oxide, 
which is oxidised into the anhydride, and then combines with the 
alkali CrjOj + 0, = 3CrO,. As the oxidation and formation of the 
chromate proceeds, the mass turns yellov). The iron is also oxidised, 
but does not give ferric acid, because the capacity of the chromium (or 
oxidation is incomparably greater than that of the iron. 

A mixture of lime (sometimes with potash) and chrome iron ore 
is heated in a reverberatory furnace, with free access of air and at a 

Tha working ol the Unt chromo iron org into Qhcomlum compDQnda bu Ima 
Bimlf eiUbliabed in Rnuii, ilwnkB to the endan.oun at P. K. UshokolT. who eoD- 
■tncled Urge woiti lor thii puipoH on ihe rlw Kwn*. nau EUboggi, wbsn u mnob 
w 3,000 tons o[ o» ua Imtcd ;»rl]', swlag to which tha importtUoD ol duomiiun jita- 
pantiooi into Bua^ hu cMud 
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red heat for sevepal hours, until the mate becomes yellow ; it then 
contains normal calcium- chromate, CaCrO,, which is insoluble in 
water in the presence of on excess of lime.' '^ The resultant a 
ground up, and treated with water and sulphuric acid. The excess of 
lime forms gypsum, and the soluble calcium diehromate, CaCrtOj, 
t^ether with a certain amount of iron, pau into solution. The 
solution is poured off, and chalk added to it ; this precipitates the. 
ferric oxide {the ferrous oxide is converted into ferric oxide in tlie 
furnace) and forms a fresb qoantitj of gypsum, while the chromic aeid 
remaioa in solution — that is, it does not form the sparing ly-sohible 
normal salt (1 part soluble in 240 parts of water). The sulutian then 
contains a fairly pure calcium dichromate, which by double decom* 
position ^vesotherchromates ; forezampl^ with a solution of potassium 
sulphate it gives a precipitate of calcium sulphate and a sotation of 
potassium dichromate, which crystallises when evaporated.' 

Polaisiiim dickromate, KjCrjO;, easily crystaUises from acid solu- 
tions in red, well-formed prismatic crystals, which fuse at a red heat 
ftnd evolve oxygon at a very high temperature, leaving chromic oud« 
and the normal salt, which undergoes no further change : 2K,Cr,Of 
= 2K,CrO, -t- Cr,0, + Oj- At the ordiimry temperature 100 parte 
of water dissolve 10 parts of this salt, and the solubility increases as 
the temperature rises. It is luost important te note that the 
dichromate does not contain wat«r, it is KgCrO, + CrOj , the aeid 
salt corresponding to potassium acid sulphate, KUSO,, does not exist 
It does not even evolve heat when dissolving in water, but od the oon* 
trary produces cold, i.t. it doe« not form a very stable compound with 
water. The solutioii and the salt itself are poisonous, and act u 
powerful oxidising ngenlc, which is the character of chromic acid iu 
general. When healed with sulphur or orgamc lubetanccs, with 
■niphurous anhydride, hydrogen sulphide, tie., this salt is deoxidised, 
yielding chromic compounds.' >><• Potassium dichromate ' is used in the 
arte and in chemistry as a source for the preparation of all other 

' "• But Iho clcium chromulo i> solidile in w»t«r in Iho prewnco of «n eHMSi ot 
dumDic Kid, m m%j b« uen liom the lul dwl ■ Klutioo ol ebtonue Hid diHolni 

■ Then ue raui Tkrii,tiou Ui Ihe deUil* oI the lauulaclucliig ptDCeiHn, wid thcM 
mait be lookai] tot id •rorlu on Udminl chemiiUr. But wo aty iJd thd the rduomila 
B>j aiKi ha Dbtuned by uligbllr muling briqnsltee of ■ miMan el ehmne iron ^nd 
lima, ud Uiim loairiiiK the reiultut uuu to tb* ulioD ol noUt ur (oa}gra li abmbad, 
mi the miii tun» fi^llowj. 

>ki> Xhe oiidiiing action el patualum dldmnnate on «^nic tabftancei at thS 
oc4inU7 tempamlun it etpeciallr inaHied >uid« tfa> aetioD cl light. Thut 11 arti on 
platiii,aa PoolTen dlacorerad ! Ihii ii applied 1« photojiaphr in the pn>o««»«nil pbol^ 
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chromiBm compounds, It is converted into yellow pigments by mean* 
of dooble decomposition with salts of lead, barium, and zinc. When 
BOlulions of the Baits of these metals are miiced with potassium 
dichromate (in dyeing generally mixed with soda, in order to obtain 
Qonnal salts), they are precipitated as insoluble normal salts ; for 
example, 2BaCl, + K,Cr,Oi + H,0 = 2BaCrO. + 2KC1 + 2H01. It 
follows from this that these salts are insoluble in dilute acids, but 
the precipitation in not complete (as it would be with the normal salt). 
The barium and zino salts are of a lemon yellow colour ; the lead salt 
has a still more intense colour passing into orange. Yellow cotton 
prints are dyed with this pigment. The silver salt, AggCrO,, is of a 
bright red colour. 

When potassium dichromate is mixed with potassium hydroxide 

graiun, pholo-lithognphj, piemeot printiBg, Ac. Under Ihe utioD of light thii ggtutin 
U oxidiied, ^oA tba cbroioio iLiihfdru1« dooiidited into chromio oxide, which nniteii with 
Iba getmin ud lonni a compound ioxtluhle in wann waUr, vhilil where the light bu not 
■eled, the i^Utui remiim aoluhle, ita prapenie* being aiii.Sccted bj the pnsenoe ot 
obtomic uid or pptuaiam diahniniite, 

eoJinm b^u may be prepared in oiactlj the a 
DMHuI BaJt combines Rilh Un cquiviUeBti of 
i>OliiaTf>haui. It> wlution aboro 80° depoiita 
cnalali coLlain Na,Cr,0„aH,0. Tkl amine 
bj uluiutlng the luibydrids itselF with ami 
•ntnnlmg one part ot the uihjdrido with (mi 

enhjdjide and evaperating under the receiver et aa air-pump. On ignilioti. the normal 
and acid ulti leave cbremiii oxide. Fotusium ammoaiam ehiomate, NH,lfCrO„ il 
obtained in yellowneedleariomaeolntionof potaiiiiun diehromate in aqaeona ammonia ; 
il not onl; iDiei ammania »nd become! mnrertsd into poleHBium dichioouts vhea 
ignited, but alK bj degreai al the ordinuy lemperatnie, Thii (bows the feeble eneigr 
of ehromic acid, and iU lendency to form nLable dictLromateA. Ha^cnetiuu ehromate le 
aoluhle in wiitei', u •!» il the atron tmm salt. The oUclum »ll is also ■omewhat aolnble, 
but the biiriDm nJI i> atnuxt intoluble. The iiomcrphivn with aulphniic acid i> ahown 
in the ctuomatei by Iha laet that the mogneiilim and amioonfnm ulti tarm donbte aalte 
oonUining ail equivnlenb of nter, which axe peitecll]' iaomorphoua wiih the eon-e- 
pnnding aulpbatei. The nugneainm mil ctTilallisei in large crjaUli containing aaTen 
tqaitalentt ot water. Ths beryllium, eeriom, and cobalt Hdlt aia insolnbte in welei. 
Chnnsio acid diuolvei manganaiu cubcnale, bnt on ovapantion the ulution depoaite 
manganese dioxide, fenued at the eipenae of the oxygen of the chnjmic acid. Cbromfo 
acid alao oiidjHi farrcna oxide, and lerric oxide ia aolnble in chromic acid. 

Oaa of the chromatei mcnt nsed by the dyer in I 
PbCrO. (Chnpler XVIIl.. Note *S), which i> pn 
PbX, with Mluhle chionutet. It eaaity lomK ■ I 
PbO,FbCrO„ aa • cryilatline powder, obtained by fui 

nantity, by tnnting lead chromata with nan 



spared on 


.aUrgeacale. The 






liuber'. salt, with which it ia 


iiaall. 




VcAron. 




dichroin 




,en addbg • aecond part ol 






g tb. 



>a inulable yellow lead cfaiomale, 
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aPbCr9itK^rO,= PbCrO,fhO*K,Cr,Or-thali», potMaiumdichromi 
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orcsrbonate fcATbonie anhydride being disengaged in Uie Utter case) it 
forms the ncrinal salt, KjCrO^, known as yellow chromal^ qfpoti 
Ito specific gravity is 27, being aloiost the saaie on that ot the dichitv 
tDBte. It absorbs beat in dissolving ; one part of the salt dissolves in 
l'7a part ot water at the ordinary temperature, forming n. yellow 
•olution. When mixed even with Hucb feeble acids as acetic, and more 
eapeotoUy with the ordinary acids, it gives the diuhromate, and Graham 
obtained a trichroniate, K^CraOio^ K}CrO„2CrO], by mixing a 
colution of the )atter salt with an excess of nitric acid. 

Chromic anhydridt is obtained by preparing a satun-ted solution of 
potassium dichromate at the ordinaiy temperature, and pouring it in t. 
thin stream into an equal volume of pure sulphuric acid.' On miiin{^ 
the temperature naturally rises , when slowly cooled, the solutiott 
deposits chromic anhydride in needle-shaped cryslAls of a red colour 
sometimes several centimetres long. The crystals are freed from the 
mother liquor by placing them on a porous tile.* ^'' It is very important 
at this point to call attention to the fact that a hydrate of chromic 
Anhydride is never obtained in the decomposition oE chromic compounds, 

< Tbe tulpbuiid uid ftliDDld net conULa uij iower oxidfli of nitTDfen, bcc^nsff IhfJ 
ndoM ehromio uihjrdridc into chromic aiidv. If t KlutHiB of > chromale be hulad 
wilh u M«M id uid — lor infltuioe, lalphonc or brdrochlodo ftcid — oxygen or cblorine 
i* wolnd, taA ■ laltitiDii a[ a chromic ull ie luimcd. Henca. nndvr th»e oiRuiii- 
kdd ouuLot be obtuned tntn ita uJlL Ob« of the firet method* 
anverting iu ulti inUtoUlUe chTumivm Acza/lHonile, CrFg. 
d by UnvattloriiQDt nuy be prepued by miiiDg te&d cbrometc 
with fluoT ipH in e diy lUle, end tieAdog the mixtnre with faming nlphuno moid in a 
pUtinDin rCBKl: FbC[0,-f RC^g-f (H,8O,-PbS0,-FBCe3Oi+lH,O+CrF^ Puming 
iQlphvTic ecid ie Uken^ uid in contidareJile exoeee, beceuee die chiamiom fluoride vhioli 
ie formed ie rery eeeily dccompoeed bj veter. It ie ToLelile^ end foriae e ^tTJ uoetie, 
poieoooue Tepcnr, which condeneee vbon cooled In e dry plutiaom veuel into ■ red, 
exceedingly ToUtile liquid, vhieh ftuBee powerfully in eir. The Tepoort of Uiie 
•nbiteDee when introdoced into weter ere decompoe*d into hydroflqoric acid Abd 
diromic enbydrido ; CrFg-tHHgOaCrOi+SBF. 11 Teiy little weler be Uken tlie hydiO' 
flgorio ecid Toletiliece, end chrotpia enbydride eepenLee diroclly ui cryeteli- The 
ehJonnhydride of chromic ecid, CtO,C1, (Not« B}, !■ elM deoompoKd id the eune 
■unnei. A aolDLiOQ of chromic ecLd end ■ prvcipitele of beriav »il|ihete ue fonnfld by 
Meeting the ineglnbt* buinm duomete with en equTilenl qnuilliy of lulphuric ifid. 
II cenfuUy eiepanted, Uia ealntioQ yieldi oyiWe of chnmiie enhjilride. Fntzache 
gfc*e e very convenienl method of prepanag ohromia eohydride, bteed on the rcletion 
ol ehropuo to enlphurtD et^d. At the onJinary temperKtiuv the itrong ecid diHolTee 
botli ehnmle anhydride and polaeiiam ehromete, bat if a certain amontit ol iialM I* 
edded te the aolaUoD the chramlc anhydride eeparatei, end if the emonnt of water be 
{■unwed the praf-ipiteted chromio eshydride i* again diawlvad. Ths chromie anby- 
dHde i* almoM all upantad boo the aolntioa when ileDDtaini two eqaiTaleDia ot 
M eqaiyalenl id eolphurie aeid. Hany raethode l« the preparation of 
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but always the aiiJii/ilride, CrO,. The corresponding hydrate, CrO,H„ 
or any other hydrate, is not even known. Nevertheless, it umst be 
admitted that L-hromic acid is bibaaic, because it forms »Uts isDinoi'phaua 
or perfectly analogous with the salto formed by sulphuric acid, which is 
the best example of a bibasiu acid. A clear proof of the bibasicity oE 
CrO, is seen in the fuct that the anhydride and salts give (when heated 
with sodium chloride aiid sulphuric acid) a volatile chloranhydride, 
CrO,CI), containing two atoms of chlorine as a bibasic acid should." 

> BonuliUB obHcigd, and Boee cinluDj inveitigited, thia nmnrkible [i 
which occnn between chromiii uid tuA ■odium chlotida in llis pteicnca oF nilphuho 
uid. II 10 pute of camniDO suit bo niiicd with It parli ot potuuDm diahromitc, tun ~ 

phoric uid, i> givH riie to « violent [skctioD, KcompiDied by the formtlioii of bro' 
fume* of (Tronic cMoraKhydiidi, or chromgl ehlorvit, C[0,Ct], nccarding to the i 
mUod: CTO, + 3NaCltH,S04>^Ri,SO,'fHptCrO,Clr The uldilion oluieiciiaa 
■ulpbarie uid ii neciaiu'; in order to cetain Ihs wiler. The lune tubilsiiCe it >1wi 
tormed whrn ■ meUUie cMoiida ii healed with chromic acid, or my of it> ulla. in the 
pmeace ot (Otphario acid. The loimatloD of thii volalile BubiUoce ii euily oheerved 
baa the bcown colour which i< ptapet to ita vapoor. On condenimg llie vspo 
4lJ tocoiTera liquid Is obtained having n ip, gr. of 13, boiling al ]18°, and g 
ftponr who« deniitf, compared with hydrogen, i» 7S, which coReapoudt with tlifi abovn 
rdrmtila- Chcomjt ohlocide \i decomposed by heal lota chromio olide. qijgen, and 
ehloTine: aCtO,C1,«CriOj+aCI, + 0; » that it « abhj to ««t timullanfimilr M a 
poweitul oiidiiing and chlonsaltng agenl. which it taken adTantage ol in the in<niligi' 
lion of nanj, and eipcciaUy of organic, lubstancei. When ceated with water, Ibia 
nbetance Snl falls to the bottom, liod i> Ihcn decomposed into hjdrachlorio and chromio 
acids, lik* all chlomnhjdrides: CrOjCl, + UjO = CrOj + aHCI. When brought into con- 

phoapboma, iDlphnr. oil of tnrpentine, uncionio, hydrogen, and other substancck. It 
attneta moiitiue from the atmosphere with grett energy, scd noit thorefote be kepi in 
dosed Tesseli. It disaolcos iodine and chlorine, and even loimi a tolid csmponnd with 
the latter, which depeodx opon the ficalty of chromium to Fonn iU higher oiid*. 
CrgO,. fht close an^ogy Id the physical properties of the chloranhydrides, CrO,C1, and 
dOgCEf, is very remarkable, althoogh sutphuroui anhydride Is a gae,aud the corresponding 
wide, CrOi, is a non-votalile aolid. It may ho imagined, tharotore. that chroninm di- 
oxide (which will be mentioned in the feltowiDgnotvjpreteDls a polynerieed modification 
«r the inbsUnce baTing.tha composition CrO, ; in fact, thii i> obrions from the method 
ol it* tonnation. 

n thrte parts of potauium dichnunate bo mixed with four parti of sttagg hydrochloris 
aeid and a small quantity oT wator, and gently wanned, it all passes into solulion, 
and DO chlorine in CToUed ; on cooling, the liquid deposits red priunatic crystals, known 
as Piligofi lall, Toiy -"table in air. 11.1* has the composition KCl,CrOj, and is formed 
aecotding la tho equation K,CrjO, + aHCl-.aKCl,CrO,+HjO. II i« evident thai this 
a Ibe Bnt chloraivhydride □( chromic acid, HCrOjCl, in which the hydiDgen is r>- 
pjaced by polasaium. It in decornpoB«d by water, and on evaporation the volution fields 
polassinm dichramato and hydrochloric acid. This is a tmh instance ol the reversiblg 
reutions so tteqnanlly encoantared. With tnlphnric acid Peligot's salt forma chromyl 
chloride. The Iatl«i oiicumBtance, and iHe laet that Geuther producod Feligol's salt 
ttom polassium chromale and chromjl chloride, give reason lor thinking that it Is 4 
eonponndoltheutwosubstaiices. 9KC1.CrO,-K,CrO,4-CiOiCI,. IlitalsoHinotimes 
ngaided ai potaasitun dichromale In which one atom of orygen is replaced by chlorine — 
that la, E,CriO,CI„ corresponding with K,CigO,. When heated it parte with all iU 
oblorine, and on further beating gives chromio oiide. 
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Chroinic anhydride ia », red crystalline HuhsUnce, which is converted 
into e, black mass by beat; it fuses at 190°, and disenga);ee oxygen 
above 250°, leaving a residue of chromiuiu dioxide, CrO,,' and, on (till 
further heating, ohromio oxide, Cr,Oj. Chromic anhydride ii exceed- 
ingly soluble in water, and even attracts moisture from the air, but, as 
waa mentioned above, it does not toMa any definite compound with 
water. The speciSc gravity of its crystals is 2-7, and when fused it has 
a Epecitic gravity 2-6. The solution presents perfectly defined acid 
properties. It liberates carbonic anhydride from carbonates ; gives 
insoluble precipit&tes of the chromat«8 with salts of barium, lead, silver, 
and mercury. 

The action of hydrogen peroxide on a solution of chromic add or of 
potASNium dichromate gives a blue solution, which very quickly becomes 
colourless with the disengagement of oxygen. Barreswill showed that 
this is due to the formation of a jxrehromie anhydride, Cr,Oi, corre- 
sponding with sulphur peroxide. This peroxide is remarkable from the 
fact that it very easily dissolves in ether and is much more stable in 
this solution, so that, by shaking up hydrogen peroxide mixed with a 
small quantity of chromic acid, with ether, it is possible to transfer all 
the blue substance formed to the ether.' >>'■ 

With oxygen acids, chromic acid evolves oxygen ; for example, wit^ 



< Tbij inUsiiDcdute d^roe at uiililion, CiOj. may ■lio be obtained bf miiiog hIh- 
Uoai at chromiii ulu wllb wlutiona ol chromstei. The btown pricipiuie tDimed 
CPoUini ■ oompouad, CrjOiiCcOji canuiling ol «qiiival«nt uooanta ol chnunio oude 
snd uibfdride. The brown piecipitaliitilchraauuiDdEaiideEontalni alter. The laioe 
enbeUWA iM formed by Lhe imperfect deoiidition of chromic ukbydride by vmrions reda- 
eing egmla. Chnmic oiide, mbea heUed, kb*0[beai;g«Q,»d appeui logire Ihe uino 
■ubetuoe. Chroioio nitnlc, wlwa igoiMd, •Ibo givet Ihie labitance. Whan thu uib- 
■UniH u butici it first dieengngea wiMr tnd Uwa niygen, chromic oiida being IcH. U 
sormpondi with niuigaima dioxide, Cr^|,CrOj- SCrO|. Krllgar treited chronlim 
diOKide with e miiture o[ lodium ofatorjde end etllphuric ecid, oud found thkl cliloriiie 
gu *u dvolved, bal thkt chrouiyl chroride wee not termed. Undst the Mlion ol light, 
ft Hluliou of chromic ecidkludepoiiU the browDdiciid*. At Uia onliiikry teiBp*™^'"* 
chromic uifaydride lenves • brown lUin apoo Ihe skin uid tluuei. irliich probibly |n» 
eead* Irom ■ decDoipoutioii of Ibe ume kind. Cbrooiie uhydtide it eoluble in alcohct 
containing wiLtar, nud this ■olubion !■ decompoHd in n i^iUt runner by ligbl. 
Chromian dioiide lormi K^rO, irhen IrMted iriUi H^, in the preeenu ol KHO. 

<>» Now thai pennlphunc uid U^Oi i> well known il might be lui-poMid Ul*t 
ptrchnimic iwhydrlde, Cr,0,, would carreipnnd to parchmmu: uid, H^r,Oa. but u y*l 
lllaiwl terUin whether corTHpandingHid ve Cormed. Pftherd (1S91) on uddiiig u 
111111 of KgOi nnd beryte water to e dilute eolation ol CrO, (S grm. per liln), obeerved 
lb* lomatian et B yetlo* precipitate, but oijgen wei diiangegad et the leme lime ud 
lb* precipiute (which eaelly aiploded when driad) wu lound to coiitein. bnidei ta 
admiitureolBaO,,a«nipoDndB*CTOj,MidUiii - BaO,4CrO,,udde«natRtfT«pi>nd 
la parchromic uid. The fact ol iU decompoeing with u iiploiion, and Uie mode of iU 
praparatioD. piotei. bovater, that (hie il a unilw deriTativa ol ptraiidc at bydnt«B M. 
penulphurie-uid (Chapter XX.I 
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snlphunc acid the foUowmg reaction takes place 2CrOj + 3Hi80( 
esCr,(SO,)j + O, + 3H,0. It will be readily underBtood from this that 
a mixttiTt of diroiuic acid or o/ilt lallt tcitk sutpKiiric acid forms aa 
excellent axidisiug agent, which is frequeaCly employed in chemical 
laboratories aud eveo for technical purposes as a means of oxidation. 
Thus hydrogen sulphide and sulphurous anliydride are conierted into 
sulphuric acid by this means. Chromic acid is able to act as a powerful 
oxidising afsent because it passes into chromic oxide, and in so doing 
diseugBges half of the oxygen contained in it; 2CrO,=Cr,03 + 0,. 
Thus chromic anhydride itself is a powerful oxidising agent, and is 
therefore employed instead of nitric acid in gnlvaiiic batteries (as a 
depolariser), the hydrogen evolved at the carbou being then oxidised, 
attd the chromic acid converted into a non-volatile product of deoxida- 
tion, instead of yielding, as nitric acid does, volatile lower oxides of 
offensive odour. Organic substances are more or less perfectly oxidised 
by means of chromic anhydride, although Ihia generally requires the aid 
of heat, and does not proceed in the presence of alkalis, but generally 
in the pnienee of aeidt. In acting on a solution of potassium iodide, 
chromic acid, like many oxidising agents, liberates iodine ; the reaction 
proceeds in proportion to the amount of CrO, present, and may serve 
for determining the amount of CrO„ since the amount of iodine liberated 
can be accurately determined by the iodometric method (Chapter XX., 
Note 42). If chromic anhydride be ignited in a stream of ammonia, it 
gives chromic oxide, water, and nitrogen. In all coses when chromic 
Mid acts as on oxidising agent in the presence of acids and under the 
action of heat, the product of its deoxidution is a chromic salt, CrXj, 
which is characterised by the green colour of it^ solution, so that the 
Ttd or yellow to^atvm of a salt of chromic acid is then transformed into 
ft gmn totulion of a chromic salt, derived from chromic oxide, CrjOg, 
which is closely analogous to A1,0„ Fe^O,, and other bases of the com- 
poeitiou R|Oj, This analogy is seen in the insolubility of theanhydroua 
oxide, in the gelatinous form of the colloidal hydrate, in the formation 
of alums,' of a. volatile chloride of chromium, Ac' ''' 

' A* X mliton o[ polusiam diihromata sod •otpliuric Mid it oduUr unployed 
sinm Bbd cfarcnnium — thkt is, cttt^mt alum, boTmirpboiii with ordinu; slum— 

pu«d hj duHolTing poUniura dichrom&Ui in dilaU lulphuhc acid ; Alcofaol in then iuld«d 
•Bd Um tolDban slighU] hnted, or Bnlphocnui uhTdiidv ii puwd Ibmugh it. On tb* 
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Chromte OXuU, CtjO,, rarely (ound.and in small quantities, in chroma' 
ochre, is formed by the oxidation of chromium aod its lower oxides, hy' 
dOM not Bicsed SS*, a viottt eolotion ol chroma ulnDi ri obtained, bot if the lemppii. 
tor* b< liigbor, b lolation ol the atme alDio U olilsiaod ol a green CDlosi. A> chromt 
tlnm roqairst fei »lalian 1 puta o( wi.Ust at Uia ndinu]' tomperatun, il Idlowi that il 
a Klinoihiil (tiong aotnlion of potitilDin dichionulo ha U]un (< parti at wntcr and 1| 
of tulplmra acul to 1 part of dichioinate), il tvUI giro ao ooncADtrated a Bolation 
ol ohtoino hlum that en cooling, tha talt will leparata irithoiit farther eiiporalion. // 
Ihi liquid, prapared aa aboro « in anj inetane* ot the deoiidatioD ot chromjc acid, 
to healed [the oiidaiion nataiaU]' ptocecdi' moie rapidly) aomevhat atroagl;, (ai id' 
alance, to tho boiling-potnl ol water, or 11 the TJelel gotutioo alreadr loimed be nlKd to 
Ihe Mina tempctatDre, il acqairci a bhghl ffraen eelOHr, and on evaporation the 
aanie millure, which at lower temiwratnnn aa utaily girea cnbical cryatale ol cliroiD* 
■lum, rfoci nsl jfivi ann tryilali uhalmtr IfOu ijrtentolvtvm A* iipf, however, /br 
ttvml tButi at th« grdljury tempentura, it depoaitt violit crjiitult o( ctuoine alata. 
The gteen Mlution, when svapualed, givsa a non-crjilalliae mau, and tba Tiolet 
erjntala loao water at 100° and tarn gnen. It mnit be rtmaihed that the tnmEilioa el 
the green inodiScatioD into tho vloltt la ucompMiied bj a decreaae in volnnie (Lecoq da 
BDiibaudran. Favrc). It the green nata formed at tba bighei teaiperatura be evaporated 
to dtjneis ana bealiul at 10° in a coinnt of air, it doaa not retain more then equi. 
laleata of water. Henu Lowel,andalBaSc}ir(iiI«t,«oo«luded that the green and violet 
modiflMtioas of the alum depend on diflerent dcgieea ol eombinatlon with water, wbicb 
mar Im likenad (a the different componndi ol todiflm lolfihate with water and to tha 
dilbreot hfdratai ol feme oidda. 

* tliii caH la not eo eimple, aa wa iliatl afterwards tea. 
II t)u chronic Mtilli, give tw<^ if not throe, vancliri. At 
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re obtained b; heating loliitiooa ol the violet lalla. the violet 
duced on keeping lolDtioiil oF the ([reen lalta tor a long time. The con- 
to green bj the action of beat ia iltBll an indication of tba 
poaaibUity of eiplaining tha different modificationa by Ibeii conlainiog diHerent prDpor- 
bona [or ilatai) of water, and, moreover, by the green ealta having a leu amounl of 
watal than the violet. However, Uiera are other eiplanationi. ChromiD oiide la a baao 
like alnmina, and iathsielon able In give both acid and baiicaalti. It i> luppowd that 
the dilorence between the green and violet aaJls i> due to Ibia fact. This opioioa of 
KtUgei ia bated on the fact that alcohol tepuatet out a talt from the green aolution 
which Gontiina lata aulphuric acid tbao the normal violet aalt On the other hand, 
LSwel ahowed that all the acid cannot be a^ponted from the green chromic aalta by 
auitabta reagentt, aa eaiily aa it can be from the tame lolution of the violet ulti ; thna 
barinm aalta do not precipitate all tba anlphuiia add from sotslioni gf the green tallt. 
ACfording to other retearchea the cauae of the varietiea of the chranic aalta Ilea in a 

propeitiea o! the DiiJe ol cbrominm iUelf. Tbla only tsfera to the hydnuidea, but aa 
hi'droiidea tbcmaeKes ar» only tpedil lotma of aalta, the d^ffarenoei obHived at yet 
in thia direotioo between the bydroiddea only DDoflrm Ibe generality ol the difference 
obterved in the ehromio componnda (ire Note T bit). 

Tha aalta ol cbroraio oxide, like Ihoas of alnmina, aio.oaiily daeompowl, give bauc 
and donUa lalta, and have .an arid reaclioD, aa cbroniie oxide la a feeble baae. Potaa- 
aitun and aodinnl bydniidea give a prtcipilnU ot tba bydniide with chromic aalta, 
CrXj, Tba violal ajid green laltt give a hydmxtic toliiW* in an h«u o/ tht 
TfOgenli but tha hydroiide it held in Mlntion by very feeble aSniliea, to that it la 
partially tepaiated by heal aod dilotion with water, tAd completely to on boiling. 
Ia an aUcalina aolution, chromic hjdnnido i* •aaily coniftted into chromic acid 
by tlU'action ot lead dioaide, ehlorine, and other oiidtung agenU It the ihroBiio 
Biide occura together with tuch oxidai aa magnetia, or ainc oiide, then on preeij^Ulion 
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tlie reduction of chromat«s (for etiLinple, of Bromonitiii] or mercnrio 
<diromat«) and by the decomposition (splitting up) of tbe saline com- 

ZDO,CT;,Ot. Viud obtained coiapouudi ( 

On t^w^P^^^iiifi ^^ violet solutioD oF cbiome aliun with unmoiiiA, k prHJpiUta «anta!i]- 

iDff Gt^Oj.SH^O it Dbtained. vbilit tha pT«ip[UI« from the boiling ftolatiaq iritb csuilii 

a gneo glaiiB, Tbe lune coJonlioD ii communicattid to ordinarr g\att by th< 

e gUrna DoDtAiuiDg ■ lup aoioont ot 

gnen pisratpl. Among the hydratM 

i[ the (•idaly-ased ifnvn jiigmeDtcvbioh 

copper pigiDflitto, lunb as St^hweinfurt 

.'■ grrta has an BltttomBlli bright gTMIl 

ond*r the Klion of light bat 

olutioni. and even nitric acid 

toaUmperatureof eWiit 

Ii. It it prqpand by fuiibg ■ 

oiygen is diieogaged, and ft 

un and potaaiium, ia obtained. 

tsr, vhlrh «Ktnc>.i the boria 

lido bvhiDd. This hydrands 

It a red hont. leaving the anhydroui oxide. 

!t loH their watf r by igulion. and in lo doing become span- 

ilio the ordinary fgiric hydroiids (CbapUr XXn.], II ii not 
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Tlie anbydnui eAtwnie of id 
ha* paaaed throngb the abo'fl 
Cmtar part of il, and not yet 
poTtum of iti energy), then ii 
•aoly obtained in vaiious cryi 



, Cr.,03, i> 



soluble in 






•iceadingly ditBL-olUy loluble io acida, if It 
But if it has parted irith ite water, oi th« 
eelf- induced incandOBCence (haa not loaC ft 
ids. ItiiUDi rednced by hydrogen. It [■ 
y niiDy mothoJi. Tbe chromatai dI tott- 
eat; and aBunoniom give a vary conrenieBt method for itji preparation, became whan 
ignited fhay leava chromic oiide behind. In the Rnt initance oiygen and meiT>iUT a» 
dlHngaged, and in the eecoud ca» Ditrogea and water : IBgiCrO, - Cr|Oj 1 0^ 4 IHg at 
{KHi)]Crj07 ^ Cr,Oit «H]0 + N,. TbsiecDiia reaction ia very energetic, aud the man 
of aalt bamaapontaneoaftly if the temperature be aiifficiently higiL A mikturo of pota*. 
■iam inlphals and ehromiD oiide ii formed by hutiug potattiom diduilmala with ao 
•qnalteigbt ofiialiAui: K|C[,0| + B - X,SO, 4- Cr,0.,. The enlphalc i; caeily eilncted 
by water, and Uiere temaim a bright green te^diui of the oaide, Klioac colour la moTft 
brilliant UiB tower the temperatnre of the decumptnttioB. Tha oiide Iboi obtained II 
Ofed^aa a green pigment lor ohina and enajnel. Tlie anhydroue chromic oiide obteined 
tram ebtomyl cUoride, CrOfCl^ baa a Bpedfic gravity ol £31. and lormi almoH black 
cryUali. which give a green powder. They are bard enough to icrabch glae*i and bate ft 
nelallic luatie. The cryitaUins torn) of chromic Dilde i> identical with that ol the oiidl 

' <>'■ The mott important ol the compounde c<irreiipondin{; wiUi chromic oxide ig c&nmifa 
cUortile. Cr,Cl,, »hich is known hi an anbydroui and in a bydrtted form. It naeablH 
(anic and alaminic chloridei in many reapecte. There ia a great diSerance bclweui 
the anhydroue and tha hydraled chloridei i the former ia iouluble in water, the latter 
•aaily dieaolTOs, and on evapantioD ita eolntion lorme a bygroecopic maii which ii very 
DDitahle and eaaily avolvea bydrochloria acid when heated with water- The anhydmne 
tarm ia of a violet coloar, and WUhler givei the following method lor its ptepuntion : aa 
intimate mix lure ta prepared of the Anhydrous chromic oxide with carbon and organic 
matter, and charged into a wide infusible glaia or porcelain tube which ii healed in a 
eombuetion furnace: one citremity of the tohe cammunicatei withaneppniatuegoueru- 
lug chlorine which ie patsed throngb •cvcral bolllee containing tulphuric acid io order 
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pounds of th« oxide its«U, CrXj or Cr,X«, like olamlno, which il 1 

resembles in forming a, feeble base easily giving double and basic salt*, 
which are either greea or violet. 



to di7 il pactacUjr belan 



n tha tube. On b 



Uug Ulo portion at the loba in 
u Umugh, & alighllx lolBlDe (ublinuls of 
ehromio dOnridB, CrCIi or Cr^^ i* lomad. Tbii lubiUkuco lonni cioUl tabular 
cryilah, nhich Duy be diatilled in dry chlorino witbont chimge. but which, however, n- 
quire « red heat for Chair voIa^Utation. These crjataLi are greaiy Co the tooch uid ia< 
aolubls in water, bnt it the; be pondered and boiled in water [or a long time they paai 
Into a grctit uJuIuh. Strong lulphnrio aoid doea not acC od Che anhydiooi lall. or 

*cC on tbe ctTitala, and alkalia only ihow a veer leable acUau. The ipecific gntity at 
the cryitala ii 3*99. When [uied with »diain carbonate and nitre llwjr give aodinia 
<di]orkde and potaaiium ehromal«, add when ignited in ait they form graen chromic oiddA 
•nd evolve chlorine^ On ignitiim in a strnam of ammonia, rhromla dilorid* fomu 
aal' ammoniac and obiomiuin nitride. Citf (analogoui u tbe uilrideiBNiAIN), Motbeig and 
PeLigot ahowed UiatvheQ chromic chJocide 19 ignited in hydrogen, it parti with ooe-third 
of iu chlorine, forming chremoai chloride. CrCl,— that ii, there it formed from a com- 
ponnd coTTOpondiDg with efarcmio oiide, CtjO^ a oompoand aoiwciiog to the lubaiide, 
dnonoDi oxide, CrO — j nit u hydrogen conv^rta Icrrio chloride ioloferronichloride with 
the aid of heat. CAmnouj cMoride, CrCI^ lomii uionrien ciyitalt euily lolubla in 
water, which in dioolving evolve a conaiderable amount o( heat, and form a bloa liquid, 
oapable of abeorbing amygsn from the air with great facility, being coavaited thereby 
Into a ehromio oamponod. 
The blue •olulioDi 





alaigeeiceaa. Chromio 


(Wide il alu fenned in the action of rinc on ehromio chloride. < 


uid il the aolution remain 
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omium. ii converted into 


ohromiooiyohloride. Other chromic aalte are aUo reduced by 
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CtX„ )ul ai the ferric aalU FeX. are coi^vaned into ferroo 
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kMW* the ledncing power of Ibete aalta ii very greaL Prom c 
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dI the lubitaDcai taken ; 


Cri3, + CrO = aCrO, or CiO, -. »Cri) - SCr,0.. A<)<ieeiu ammc 


iBia pvea a blue praeipl. 


tata. and Ln the preHooe of ammoniacal ulU • bloe liquid ia 


obluned which tuma red 



lidation. Tbii la aocompaiued by the formation of compoaoda a 
en by cobalt {Chapter XXII.) A aolntion of chmmoua chloride w 
olion uf uidiom acetate, C,H,NaO,. give*, on cooling, traniparen 
soua auitaLe, C,H,CrO„Il/). Thia aalt i> alio a pooerfol redi 
a kept for a long timo in a veaael f uU of carbonio anhydride. 
I anhydrun* chromic rh[orida CrCig very eaaiPy jmukj into totutii 
■ trace (D'IM1| of cAroiHoui chloride CrCl|, Thii remarkable 
laarvcd by tcligot and eiplained by Liiwel is the fallowing mai 
e, ai a lower ilage ol oiidatiou, ia capable of abaorbing both 



ohloridoi by taking up chiorina from them ; C! 

tSHgCl,>Cr,Cl, + lHgCl. Ut oa auppou 
when the anhydroui chromic chloride !■ mi 
The latlnr will then take op a pettian c' U 
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Tbs nduction of chromic oxide — for instaaco, in a solution by zino 
and sulphuric acid— leads to the fonnation of chromous oxide, CrO, and 

tolobl* bfdnte ol chromio chlorids (hfdrDchloridfl oF Diiae of chromlmn), tj\3 tlu 

eUnnde n-formsd in Uiis m»nner will llwD set on n (rash qoontitj ol Iha chromjo 
Bhl{ir»lii, Biid in Ikii nuinaei ImiirHT il Hi^df into lolution u bydriUs. This view il 
oooEnnsd b]r t)u fuiC Uiat oUier flhlondea, opibU ot Bbiccbinf- oliloiiiia lilra ctunmont 
chloride, iiUo ibdu™ ^leflolnlion ol the iiuoloblfl chromio chloridu — For exuvtplo. fflrroul 
chlnrida, PcCl,, tai cuproiU chlorids. Thfl preuncs ol lino alao udi tlis •olutEon ot 
ehiDnun ohlorida. oving to iti wDvertisj ■ paition of it into ehromooa chloride, Tha 
•olMiHi ol ehromic chlorida io mter obtuDod by theH melhodi li pcrFccUj idenlical 
*Hli (hat vhich il Fornwd by diaBolviog chroDiic hydroiido in lijdrochlorio Mid. On 
AvifiorAlJBg Iba greim aoUttion obUined in Ihij fabnner, it givai a green inua, cod- 
toining wktei.. On turbher bvnliuf; it leaves ■ lolabla chroiniD oijcbloride, asd vban 
iynitcd it Srtl Fonu an inaotuble otrnblorids and then chroioio oiidc; bat no aohy- 
dfoai chniaiie chlorido, Ct^,, i> lonssd by beating the aquoaiu »1utioo ol chromio 
dilsnde. which Fotru an ijopor1«nt Fact in tnpport ol tho view Hut the grsen win- 
tioB ol chnuBiv cbloride ia nothing otw but hidTDcblotide ol oiido ol chromimn. At 
100* the compoaition of the green bydrate ia Cr,Clg,l)H,0, and on enporatios at tha 
oidiaaiT temparatom ovat H^O^ cryiUla at ohUined with 11 eqniratenti ol wal«i; 
tbe red nuu obtained at 1!W° containa Cr,0:,«Cr]C;e,aiHgO. Tfao greater portion ol 
ft ia aoluble in water, like the man whioh ia Formed at 1(0° The IitUt contain! 
Cr/)„ltCr^l„BH,O-ll|Cr,OCl4,SH,0]— tliat ia. it p»aenta the aame compoaition a* 
dirainic chJoiide in which one atom ol oiygen replocei two ol cblorine. And if lh« 
kydrala of chromic chloride be regarded ai Ci,0^6HCl, the aubitanco which la ob- 
tained ehonld be mgardEd u CnOi.lBCl combined with water, H,0. The addition 
ol alkalia— lor eiunple, btiryla— to a bdIuUdd dI chronuc cbloride immediatDl; ptodacoB 
> preoipiiate. which, however, re.diuo]vea on ahaking, owing to the formation ol one of 
Uu oifdiloridea jnat menliansd, which may be regarded u liaiii lalli. Thua wg may 
repreaent the prodoct ol the change pmdaced on chromio chloride ander the Influeno^ 
d water nod heat by Uie loUowing FormalD . flnt Cr,Oj>eHCt or Cr,Cta^H,0 ia formad, 
Ibea CriOj,4ncl,HiO or Cr,OCI,flH,0, and ijiatly CrjOj,2HCl,aHaO or Cr,0,Clj,3H,0. 
la all thna caaea there are fl equivalenta oF chromiom to at leaM 3 eqaivaleoti ol 
w«iiar. Theaa eompoooda may be regarded aa being intermediate between ehromlo 
bfdniiide and chlorids ; ohtomio chloride ia Cr jCIo, the Brat oiycbloride Cr,|OH)]Clj, 
Ibe aeeond Cn<OB),Cli, and the bydralfl Cr^OH}(— thai h, the chlorine ia repbuMd by 
hydioijl. 

Il ia very ImpoTtant to rcmuk tno aircuiiuUncai in mpeci to thia. (1) That the 
a^la ol the chlorine in the above componnda ia ool preeipitoicd From their aolutioai 
by ailcgr nitrate; tbna the normal suit oF the composition Cr,CI,,eH,0 only givet up 
l«o-Uurd> o( ita chlorlns . theivFoie Faligot aoppoaea that the normal aaltconliuDa the 
~ ined with hydrochloric acid: Cr,Cle.|-aHtO-Cr,0,Cl„lHCl,and thiit 
e held aa hydrochloric acid reacta with the ailver, whilit that held in lh« 
a doe* not enter into reaction, joat aa we obiena > vary teebly-daceloped 
bsolty lor reaction io tha anbydrooa ebroialo chloilda; and (1) il the green aqueona 
■olotioB oE CrCl] be left Io aland for asms time, it altimately tuma violet; in this lorm 
iha whole of the chlorine ia precipitated by AgNO^, whilst boiling re-conrerla il into the 
groan variety. Uwel oblained lbs violel aolution of hTdnKhledde of chromic oiije by 
deeompoaing the violet chromio aolpbate with barium ohloiide. Silver nitrate precifd- 
taUa all Ihe chlorine from thii violet modification ; but il the violet aoIuIJoD be boiled 
nd ao converted into the grean modification, ailver m'trale then only picclpilatea a portion 
Cl (he ehlotiut. 

Bacoara {189I>-188SJ obtained a oryslallobydtaM oF violel ohrominai aulphata, 
O^BOJa, with IS or IB ^O By bcdling a aolation ol Ihla cryilallahjrdrate, he 
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its salts, CrX„ of a blue colour {sea Notes " and 7 "■'■). The forthap 

oODTerted it into tbe grago nil, Hhich. ithsU tcsaU^d with iJkaUi, guvo ■ precipilkt* 
of C[]0],SH|O, aolnbla ia 9U^0, (snd not S), tad only lorminE the buic Mil, 
Clg(0H)^BO4),^ Ee thanton coDcIadei IhU tha gresu ulu are buic lutt*. Tbe 
erjoieBific determiiiiition* nude by A. Spsnaikj (ISBl) ud Mmhfltii (1S91) girs ■ 
gml« ' dapreirioD ' loi tho Tiolel thin the ;^en ■■1l>. that it, iodioie a gnaler 
moleeulu vaight (or tha Rnen ulu. Bat u £urd, bj belling the ilotet lalpluitc to 
100°, unvgrted it into ■ gmea ult of tbe Hme compoiitfon. but with n imaller amoiiat 
ot IliOi it loUoWB tb&l the lomulion of • buie ult ■Jone i> iniuIBoient lo eitiluD Iha 
diOsrence belwees the gnen anil nolat Tvieliei. wad thii ii ilto ihawa by tha luct Uut 
BiCIf precipitttei the irhoU ot tha ■nlpliiino uid ol tha violet ult, ud ?Dly t poition 
of that o( tba gteta ult. A. Bparuik]' iJio ihowed that the molscatu stsstia- 
HHidactiTilJ of the green aolatioDa ii lail than thkt oI the riolel. It !■ alto known tiut 
UU paaiBca ol the fotmn ioto the tattei ia leconipaaied by an inoreMa ol volonw, itiid, 
aoootding to Reconra, by an OTotntion ot heat >1bo. 

Piocini'a reHaiehea (ISOt) tbtow ui importaal light npoa the pBcaliuitlet ol Itie 
(nan ehrominm trichloride (ol obromio chloride) i ha aboved (l| Ual AgF (io antra- 
diatiaotion to the othsr aalti ol (ilrar) praeipitatei all the chloTiDe Ftriin ui aqneoii* 
aolntioo dI the green variety : (1) that solutiona o[ green CK:I,,6H,0 in ethylaloohal 
and isetine precipltMe all their chlorine when mixed with ■ liinUar nlutioa at AgNO, ; 
(B) that the riae ol tba boiliog-painl ot tbe etbyt alotriiol mad ualone gmen nlationi ol 
CtC]i,aB^ (Chapter VU., Note ST bii) ihon that i in thii cue (ae in the aqneon. iwln- 
ticDi ot UgSO, and HgCl,) ia nearly equal to 1, that ia. that they an like wlationi of 
lUin-condDctan : |1) that a aolDtioo of green CrClj in methyl aloobol at Bnt precipitatea 
■bent ( ol iU efalocine (an aqoeona aolution aboat () ohen treated with AgNO,, but 
after a time the whole of the chlorine i> precipitated : and (S) that an aqueoua aolaUoa 
of the green variety gmdnally pauea into the violet, while a methyl iJoobolio aalatlen 
piMerrai it* given eolonr. both of ittalf and alto after the whole ol the chlorine hai 
been t>rMipit*ted bj AgNOj. If. howcter, in an aqueoiu or methyl akholia >alBl>oa 
onlj a portion of the oblorine be precipitatod, the eolation grhdnally tuma violet. 
In ay opinion Iba general meaning of all thete oburvatioui »qnir» farther elucidation 
and aiplahation, which ihoald be ici hannooy with the theory of aolntions. Beeoon, 
moreorer. obtaioed campaaodi of tha green aalt, Cr^BO^i. oith 1, S, and S moleculea ol 
H^O,. K,SO„ and ecen a compound C(i|SOJjH,C[0,. By neutnliiing the anlphorie 
acid of tha componadj of Cr,(SO,)i and HiSO. with caiutic aoda, BocDnni obtained an 
enlation of M thooaand calodei per each 3NaHO, while free H,50, only gim SO-S 
thooaand caloriee. Reaoopa ii ol opinion that apociaJ chrome nCphnrie aaJt, lor 
loituce (CrSO,)H,SO,-lCr,(SO,|,H,SO„ are formid. With a atill largai ueaaa of 
■Dlphoiie acid, Recoora obtained uJti oontainiiig a itilt greater namber of aalphDrio 
acid radiclee, bnt even tbia owtbod doea not eipltin tbediSerenca between the green and 

Tbaie facta moat natarally be taken into coaaidaration in oidei to arrive at 
any complete deciaion ae to tha uaae of the different modi&catioaa of the chromic ealte^ 
We may obiene that the green modifieation of chromic chloride doet not give doable 
«lta with the metallic cbloridoa, whiUt the violet valie^ forma componnde Ci,Cli.lBCl 
(where R-aaalkilimeUl),whichareobtaiiiadby heating the chtOBMtea with an auaia 
ol kydrochlonc acid and ovapgnbog tb* aolotiOD DDtil It acqairsa ■ violet eolonr. Aj 
a» lanlt of all the exialing leeeanhM Sn (he gtMn and nolet diramle Mlla, it appean 
to de moat probable that their dil!eranoa ie datarminad by the feeble bane char>cM! ol 
ehcomic oItd^ by itt faculty of giving bauc aalla, and by the colloidal pvopartioa ol ite 
hydn^de (tbaaa three propeitiea are sutnally connected), and moteover, it lema to ma 
tkl tba rdaUon between the green and violet aalU of chtomie oiide beet aniwen lo tba 
nlaUoa ol tin pvtporeo to the lalao cobaltic aalu (Chiptei XXIL, Note 15). Thi* 
nbiaal owinol yal be conaidered u eihanalad (■» Not. T|. 

We n^ bare obearre that with tin the chromie talta. CrX,, give al low lemperatoiaa 
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reduction* of oxide of chromium and ita correapoodihg compounds 
gives mDlallic chromium. Deville obtained it. (probably coutaiuiug 
oarbon) bj reduciug chromic oside with carbon,- at a, temperature near 
the melting point oE platinum, about 1730°, but the metdl itself doea 
not fuse at this tcniporature. Chromium bos a steol-groy colour nnd is 
very hard (sp. gr. 6*9), takes a good polish, and dissolves in hydro- 
chloric acid, but cold dilute sulphuric and nitric acids hnve no action 
upon it. Bunsen obtained metallic chroraiuni by decomposing a Bolution 
of chromic chloride, Crfil^, by a. galvanic current, as scales of a grey 
colour(sp gr. 7'3). Wohler obtained crystalline chromium byifjtiiting 
ft mixture of the anhydrous chromic chloride CrjCl,; («e« Note 7 bis) 
with finely- divided line, and sodium and potassium chlorides, at the 
boiling-point of line. When the resultant mass has cooled the zinc may 

trom ill ulti SnX^ Tho miction, therslor«, balosga lo Ibe slu^ of iDveisible r«u- 
tioni (BckstoS). 

PonlBoa obUiaeJ mhjdroiu CrFj (ip. gr. 878) ijid CrF, (sp. gi. ill) br Iho 
ution of gUMiu UF upon CrCI]. A MlDtion ot Ouonda ol obioiiuiun 1> emplafsd u » 
morduit in djeing. Becoun (1800) abUlned green ud violst vuiotigs of CttBttfiBiO. 
Ths grwn Yuielj <uin only he kepi in the prMmca of *n «iaeu ot HBr In Iho •olat:on , 
Ittlnne iu Bolnlion eu% pAiMi into the liotel nriety with erolution of hMl. 

* Tbe ndDotion ol msUlJia chiouiam proceedi with oompuiiliia luua in kqneoni 
■olntloai. Tbui ILa iftion ol todluni MQ(J|{&mi upon a itmng Bolntioa o( Ct}C1( glvH 
(llrit CrCt]) ui uiulgin) of chromlDm from nUch Ibo omKoij miij bo auilT driciD oS 
br boating (in fajdrogen to avoid oxidation), and thoro remainB > ipongj maia of eaiily 
oiidiiable chrenuam. Plaaet (1801). b; passing an olcctrio cuinnt through a solntion d( 
ohnnie (lam miiFd iiilh * imall amoant of HiSO, uid EgSOu oblainod hud aoalsi of 



hwting it to ndneu ■ 
Obt^oftd hAi tho appeara 
nndai Ibi microwopo ; ita 



iciJi). 



Ltul (1890) red □oh] a miiturs of aKCI + Cc,CI, b; 
ihavinga of mngocgiam. Tho metiilii ohromiam Ihu* 
il a Boa light-groj powder which Ii xtcn to be etjrilallino 
T. at 18' la 0-718*. 4t fnMa(with anbydroiis bor«i) only al 
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Hoitnn (IBM) obuined fbromiam by redacing tbe otido Cr,D, with carbon in tha 
•Iwtriod furnace (Chapter VIlL.dDtilT) in 9-10minDU> with acDCTintol HSU anp^rea and 
H Tolta. Tho miitore ol oiida and eubon giies « bright bgot neighing 100-110 grams. 
Acamntcf 100 amptreaond CO volts oomplotea the experimftnt upon a smaller qujuititj 
otnuterinl in IS minutes; ■ carrenl of SOamplreeaudSOvolta gars an ingot of 10 grama 
la, 80-11) minolei. Tho reesltant carbon tUo} b more or less rich in chrcniiuin 
(tren BT'9T-B1'7 pc). To obtain the netd tree from carbon, tho tlloj ii broken into 
lug« Inmpa, miied irith Dtida ot cluominni. pnt into • cmcible and roiered with t, 
Ufw ol oiida, Thli miitiuv is then healed in the electric furnace and tho pore metal 
botitained. This rodnotion can also be carried on with chroma iron oro PeOCr,Oj 
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be lUnotTed in dilute nitric acid, and grey crystalline chromium (sp. gr, 

6-81) is left behind. Fr^my also prepared crjstailine chromiun) by the 
sctioa of the va|j&ur of sodium ou anhydrous chromic chloride in a 
■tream of hydrogen, using the apparatus shown in the accompany iog 
drawing;, and placing the sodium and the chromic chloride in separata 
porcekin boats. The tube containing these boats is only heated when 
it ia quite full of dry hydrogen. The orjBtala of metallic chromium 
obtained in the tube are grey cubes having a considerable hardness and 
withstanding (he action of powerful acids, and even of aqua regia. 
The chromium obtained by Wohler by the action of a galvanin current 
is, Ob the contrary, acted on under these conditions. The reason of 
Ibis difference must be looked for in the presence of impuritiei, and in 
the crystalline structure. But. in any case, among the properties of 




metallic chromium, the following may l)e considered established : it is 
white in colour, with a apeci6c gravity of about 6'7, is eitremeiy hard 
in a crystatlino form, is not oxidised by air at the ordinary temperature, 
and with carbon it forms alloys like cost iron and steel. 

The two analogues of chromiuin, tru>l</hdtnum and funf^aten (or wol- 
CramJ, are of still rarer occurrence in nature, and form acid oxides, ROj, 
which are still less «n«rgetic than CrOj. Tungsten occurs in the some- 
what rare minerals, te!itrli/f, CaWO,, and icol/ram ; the latter being an 
isomorphous mixture of the normal tungstates of iron and manganese, 
(HaFe)WO,. Molybdenum is most frequently met with as molybdeniU, 
Ho3„ which presents a certain resemblance to graphite in iu physical 
properties and softness. It also occun, but much more rarely, as a 
yellow leikd ore, FbMoO,. In both these forme molybdenum ocean in 
the primary rocks, in granites, gneiss, tie., and in iron and copper orea 
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ID Sftxany, Sweden, and Finland. Tungsten ores are Eoroetimes met 
wilh in considerable masses in the primary rocks of Bohamia and 
Sucony, and also in England, America, and cbe Urals. The pre- 
liminsrj treatment of the ore is very simple ; for example, the sulphide, 
MoSj, is roasted, and thus converted into sulphurous anhydride and 
molybdic anhydride, MoO], which is then dissolved in alkalis, geaerally 
In ammonia. The ammonium molybdate is then treated with acids, 
when the sparingly soluble molybdic acid is precipitated. Wolfram ia 
treated in a difTerent manner. Most frequently the finely -ground ore ia 
lApeatedly boiled with hydrochloric and nitric acids, and the resultant 
■olutioDs (of salts of manganese and iron) poured olT, until the dark 
brovn mas! of ore disappears, whilst the tangstic ncid remains, ratxed 
vith silica, OS an insoluble residue ; it is Created also with ammonia, 
ftad is thus converted into soluble ammoniuai tungstate, which passes 
into solution and yields tungstic acid when treated with acids. This 
hydrate is than ignited, and leaves tungstic anhydride. The general 
character of molybdic and tungstic anhydrides is analogous to that of 
obromic anhydride } they are anhydrides of a feebly acid oharocter, 
which easily give polyacid salts and colloid solutions.' '''• 

m of tha tangsten and molybdinan compouada iaUkaa U 
i chcoiDluRi, becuis (1) both 
Hum metali givs t"0 oiidEB ia whicb the nniouata oF aij gaa pei given iimDunt of metU 
■Und In Ihe ntia 9^ a: (9| tho higher otids i> al the Istlar kiod, ind, like chtomlo 
•od (Olphurio ub7diidce,it hsi on Kcid cliuuler, (S) catUfa ol the inDtjbdiitea an) iwi- 
inatphDiH Kith tha lulphutei ; (I) the apecific bait d( (uagetaD ii (rOSSI. cfiuaqaentlj 
the product □! tha utomic ireighl vid ipwifie haat ia B'lfi, like llut ot tha othei ettmeDti 
—it ii tha auna with rDoIybdeDom. SB'U < OTll ^ 0'9 : (J) tungalso lomu with cbloriaa 
not onl} niopoandi WCIi, WCU. uid WOCl,, but >Ihi WOgCI,. a volatilo inbatuice Iba 
•aaloeas oC obconiTl cUoiide. CiOgCW. and aulphacjl chloride, SO,CIr If oljrbdanuia 
givai tha Dblarine eompanndi, UoClh UoC1,(?), UoClj (ra»B at Itrl". boila si WB'; 
Kwtding to Debiaj it CDntaina UoC),), MoOCI,. Hc>0,C[„ and MaO,(0tI)CI. Tbs 
uialcDCB ol Inngilan heiiLcblotida, WCI^ la an aisellenl proaF of Iha fact that Ihs typa 
SXiSppsuiin tha aniloguet ol aulohur u in SO,; (fl)thB vnffiat danaity ueurilaly 
dMsnumed far tha chlormo compoulHia HoCI,, WC1,. WCIj. WOCJ, jRoxw) IciiVot no 
doubt aa la tbo molecular i:DnipaajtiDii of tha compouDda ol tungsten and raolybdenuia, 
lor the obHrvi-d and oAkuljited raaulta entirety agree. 

THngiten ii Hmetimea called ecbeele ia honoar of Scheela, oho dieoorered it in 1781 
tod loolybdEimin id1T78. TaogstsD iealao known as wolfram ; the (orract nunewaa tba 
nuDB EiTan to it by Scheala, becauae he extracted it from the mineral then known a* 
lungatm wd now called HbeoUIe, CaWO,. Tba cauarcbea of Roacoe. Btomstrand and 
oUian hara eahesqDonllj thrown conBideriblo light on the wbola histotj of the compoimda 
ol IDOlybdeDuni and tungtten. 

Theanunoninn aalUof tongalen and molybdic acidi when ignited leave tha inhy- 
diida*. which ceaamble each other in tniuij rsapBcts. Tangilm anhgdridi, V^O^ i> ■ 
jaUowiah anbstance, which only Fuiaa at a atrong heal, and hu a >p gr. of 6 a. It ia 
hiiolable both in water and acid, but »Iitiioit> of Ihe alkatii, and even of the alkali col^ 
bonata*,di>aolve it, aapecioUy when heated, forming olkulme ••Jta. ituli/hdicanhgtlridt, 
HoO], if obtained by igniting the ooid (hydrate) or tho ammonium ult, and forma a 
•hit* maia which (uata abitnd heat, and loKdiBea to a yellow cryitalline maaaof ap. gr. 
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Hydrogen (whith does not ilirectl^ form compounds with O, Wa. 



t'l: vhilit OD (ofthBf hMling in open vpmbIs ot 
tublimet in paH}y looJes— iKia enables it to be oblAi 
diuolTO it 11 nnill quuilitiei— Duniily, I put requii 
The bj3caliBt of molybdii: uihydrids us loUbii all. 



in B ilrejuD of sir thia unhjarld* 
ed iniMerablTpuniUte. Wktar 
B BOD parti of wftter EorituBotntion, 
in aciV^t {n hydruti. B^HoO., b 
m «»lt|, which (ormi om of lh«ir 
dutinctions Irom the (ungatic acidi. Bnt sfUr ignition Dolybdic uhydride ia inaolDU* 
lDacida,liketuiigaticuihydride;aUEa]iaduaolva thia anhfdrideieaaiJy Forming moljbdal«& 
Patauluai biUrtmte diuolTsa Uie aohydridi Hith the ud at lieaL None at Uis iictdi 
jet conaidend fay lu rom u many diflerent ulti vitb ons and the mams base (alkali) aa 
molybdic and Inngatic acida. The compoaitiDn of theia aalU, aud their pK>perti« Umi, 
vary csnaidacably^ Thv naott inporLant d^acovery in thia reapeat wbi made by IfatgiM- 
tile and Laurent, mho ihowed that the ulti vbich contain alargeprDporlianal tnufiHs 
acid an' eully aolDbta In water, and aacribed this property to the tact that tungilio aoil 
may be obtained in tneral ilaUi. The cornmon tungitatea, obUinsd with u ueeci of 
alkali, bare ta klkalina reaciion, and on the addition ot lalphariii or hyiiroeUDria aiAl 
flnt depoiit an acid ult and then a hydrate ot tungitie acid, vhich is inwlnbla both in 
water and aiida; bat it instead of lolphgric or hydroDhloric acidt, we add acetic or phoa- 
phnric acid, or if thn Inogetate bit ialnrated with a tnah quanlily ol tuositio acid, irhieli 
may be done by boiling the wlnlion ol the alkali talt with the |<recipilated tungatie aeidi 
a volatinn li obtained which, on the addition ot aolphnric or a Bin ilar acid, doei not 
give a pieciiulale ol Inngatic add at the ordinary or at higher tamperatnrea. The aolnlioB 
then contains pecnliar ulti ot ^DDgItl(r acid, and it there be an eiceas o( acid it alai> 
containi tnngatie aeid itielf i L4aDrent, Riobe, andolharecaUedit MefatMn^ifif dnd,iod 
it ji atill known by thia name, Thoao aalta whicit with acids immedialety giie tbs la 
aolabletangiUcaoid have the composition R,WO,, BIIWO4, ohilit thoie which ^T« 
Ike lolDble metatcingitia acid contain a lar greatar proportion ot tlie acid elemapla. 
Bcbeibler obtained the (soluble) melatiugilic acid itiell by lieatin; the aoluhla batliua 
(mela) letratongriale, BaO.lWOi, with iDlphnrioaoid. Euhiequeut reieaKhahawed th> 
Rutence of a eimiUr phanonumon tor molybdio acid' There ia no doobt tliat thia ia % 
eaae ot oeUoidal modiScaliona. 

Many cbamisUbKa worked on the rationt aalta formed by molyhdia and tanjitio 
acids. The tnngatalsa hate bean iaTusligated by ktargaerite, Lauranl, Uaiignac. 
Biche, Scheihier, Anthon, and othera. The molybdatea oero puiiially studied by Iba 
■ana chemiila, bnt chiefly byStiaTosnd STanbcrg, DDi*I»utiiinc, and olhen. It appear* 
Ihat tor a giroD amonat ot base the salts contain one to eight cquivatentiDl molybdic er 
tangttic anhydride ; i.e, it the baae hate Iba camposilionKO, then the highest proport^a 
of baeewill betontained by theaalla oltheeompoiition ROWOiaiBOMoO,--thatis,b]r 
lluneaalUwhiebeorreapDndwith the nomiatacidiH,WOiaiidU,JiI<>0,, at tb> sane natoift 
a* iolphutic add ; bol there alas eilet lalle of (ha oHBpositian RO,SWOj. HO JWO, 
RO^WOi- The water coitained in the ooiDpociliop of maoy of the acid salts is oftiB 
sot taken Into acconnt in the above. The propettisa of the salts holding diOerent pro- 
pertiens ol acids lary considerably, but one aaltuay be converted into another by tba 
addition ol acid or base with great facibty, and tba greater the pruportiou ol theelemenla 
ot the add in a ealt, the more stable, within a certain limit, is its solution and the aati 



(NH.H0)„H,O,TMDp» 
prepared by evapoialing aa 
laboratory tor predpiteting 



The most oommoQ ammoitiom molybdate has the ec 
[or, according to Uarignae and olbeis, NH.HM0O,). and 
ammoniaeal aoluUon ot molybdic acid. It ia nied in t 
phosphoric acid, and is purified for thia purpose hj m 
quantity ol magDedDm nitrate, in order to pcedtiilale any pbospbHic add pietani,fill«r- 
ing, and then adding oitrio acid and evaporating to dryness. A pnre anuaoollUB molyb- 
date tree from phospboric add may iken be eitraoted Irva the naidos. 

Phospborio acid fonn* inioiaNe compinnds with (he oiidat of uraniora and iron, 
tin, bismath, Ac, Lariog feeble baalc and avaa add propartiea This p<rhapa depooda. 



J 



I 

I 

I 



CHROMIUM. MOLYBDENUM, TUNGSTEN, UBASIUM, ETC. 293 
•od W) reduces molybdic and tuiigstic anhydride at a red heat ; and 

On th< (uk Ihnt the atocni il bjidrogun in plioiplioila uid an ol & rer; dfSeKDl 
AmtcUit, nv/e uwubora. ThaieatomtDl hydiogen wLiob ara rtpUaad oiUi dlfloaltjp 
fay ODimiiniDin, toilium. &c, u-e probibly (•sil]' replaced by leebly energetic tcid 
nonpt^thjit il, tUc (ormiktioa ot puticoUr compl«i tubttuii-ei mt; be eipected to 
taka p]A» nt (lie CKpente of th«» akiinii of the hydrogBn ol pboflphorie acid utd oF 
MrtnAl Iveble metallic acida; aad U.e<H >abatiDcca nill iliU b« luida, beuuu Ui* 
hldrO|[eii ol the phoaphorio icidl iind meUllic acidi, which ii euily nplucd by nwtilJl, 
tl not leinoved by Iheii molDiJ combiuktion, hat remaini in the nanltuib compoBnd. 
SHcbnconoIaiian i> verified in IhHfkaipJun'iolshlieiKidi obUined (IMS) by Debny 
II * lolution ot uumonium molybdnte be Kidified, uid a iuiaII awoant of n BolutioD (it 
iiuqrbgecld)cantiiningorthophoiphonciicidoriMul[ibeadded to it(K) Ihntthetaug 
•I ieiat 10 parts of molybdic uid pr^nsl to I partol phoipharic uid). then niter k period 
of IwtDlyroar honrt the wholoof the phoiiphorlcKid in leputedu* yellow predpitala, 

UDmanis, nboulOO p.o. ol molybdic enhydridn, uidKbout4p.c.ot wnlec. The (onuUon 
o( Uli* precipitate i> >o dlitinct and u eompleU that Uu> method ii employed lor the dii- 
VWvrj and teparation M the ■malleitqaautilieBof pboiphorioacld- Phoipliorlcacid waa 
Iband lo be preHnt in the mijority of roclii by (bi> maojia. The precipilaM in aalnbla 
Id ammonia and its ulti, in olkalia and phonphalea, but ii perfectly imoluble la nitric, 
imolyhdato, Thecompo- 



' "ppean 



)vsryui 



ir thee 



1B of iti 



Mpofldiog with it wu obtained. U the abOT>- 
itnta b«'boiled in oqoa regio, the unmonia la deitroyed, and 
olion, whicli, nhen evaporated in the alr.cryalalllucaout in yeUow 
iiniiitelyth<icDmpoeitiDnF,O„a0UoO],saH^ Such an unaaoal 

uid euily f;i<ei .elt< R,OnUoOinH,0. which we mey imagine 
I MoO,[HO),nHoOimH,0. And auppoie that inch a hydrata 



Naeta nii arlhophDaphor 
>(oO,(UPO,)nMoO-'»H,0 or HoO,(H,PO,)inMoO,hiH.O: thi> i> actually tb 
Uoa dI phnphomolybdic acid. Probably it contain! a portion of the hydrogen r 
b; melali ol both the u:id> HjPO, and of II.,UoO,. The ciyttiUUne acii 
probably H-HoP0„DHuO:bl3H/>. Tlila acid ii really tribaiio. b 



Mdlum) from c 
B,UoPO„BHoOj 
Biay be obtained. 
In acid aolatioDt 



,BH,0 



and giie 



fiUow t 



n (hut not Ii 



jmpoai. 



opoiltii 



Id be oipvcted from the pracediog. ThcH ulti are only etablo 
ii naturally due to their oontainiog an aiceu of acid oiidei), 
MUM under the action of alknlii they gire colourlcii phoephomolikdelai ol the compo- 
rilkm BsI[aPO.-..UD0,.SH,0. The eomaponding lalta of potoieium, ailrer, ammooinm, 
■n eanly nolnble in water and cryilalliDe. 

Phoapbomolybdic acid ia an eiample of the toinplex inorganic acidr flnt obtained 
by Harignac and altarwarda gaDeratiwd and (ladied in detail by Oibba Wo ihall 
•Iterwardi meet with ieveral eiamplei ol each aeidi. and we will now lum attention to 
the last that they are uanally lormed by wMik polybaiio acidl (borio, ailicic, molybdic, 
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acquainted in 


the loll. 


Dwingohapter, 


Aiannamptewewiil 


han mention certain comple 
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,,aath.y 
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1 composition 
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a dilute 


lolutionolpurp 
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Cbvl«'XXII.|«:idul.tedw 


itbacelioacid 


give. a 


Hilt wbii^h after 


drying at IM' 


haitha 


ennpontion Co,0s10NB,tH< 


i,0j8H,O. M 


lerignil 


iaothieaaltleavi 
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thta forms the means of obtaining metallic molfbden 



n and tongi 



Tb&koS, bylreatiD^ki 



oIlheMiiipositionCoOSWOsfCutlBt.lBaB]. ProtaMotKon 

poUuimn uid sodium niDlj'bdUBi, contunlpg 

bnmuu obUined uJM bsTine the compoiilioa : BE,0Co,0,12M(>Oi»)H^ [light p 

nidSK,OCoiOilOMa,tOH|0(dukgnen}. P«chuil|18e3)Dbt^geduIUo[thal 

^loqiholiiDsnie leidi by (raporaling aqnliklant miiltmial tolalioni of phoipborfo atii 

md in«Uliing>ti<i uid (iH faiiha on): phoipliotriaulatiuiiptic acid FgOjlaWOjtaSgOyj 

ptHMphotelremalitangitifl add P,0,lflWOia»H,0, phcMpbopentunetf ' 

P,Oi90WOiU,O, ud pbotpbjilietBineUtUDgitis ojiil P,OiSiW0,a>H,O. 

Mid Fionbil dmcnbed >till more complu —lit, aucli u- Bi)t,CMBaOP,0)S2WOA(V 

BBkOSK,0P,0]aiW0,(8H,0. Aoatogoas doubts Mlts with 9aW0, ocn 

with KSr, KHg, BiHf. aod NHtPb. Kshrmuui (IBK) conaiden the poMibilit; cf 

al)C*hiEiig ui DoUaiibfld nmnbvr of Budi bbJU to ba & geaanl ohAni^tariBtia of fluoh aoai« 

pooDdi. Ushom and Friedheim (18H2) obttiiied oointODDdi ot gimllu oamplelitj lOe 

nolybdlD uid iruBlc xida. 

For tongitia Hid thers wo kaovn : (1) Hornwl »1U— for oiunpis, E,W0,1 (8) Ibm 
H-ciUcd iKirt ul(9 h&ie s oompoiitiDn like aK,O,7W0heH,O or KiH,(WO,)„SU,0 ; (^ 
the (ritnngeUtei UI<« Na^iO.SWO^SHjO - N>gH.(VO.)],B,0. All (hew time olunaof . 
ulliaiD laliible in wiloi, bul us predpitMedbj bviop chloride, ud Kilh icidi ic 
tion ^Te an iniolable hjdnle of toDgibiDadd; whUit tboM uJta which »re eauDH 
bdow do flot gire « predi»Ute ailha with uidi or with the ultaof lbs hsaTT m«U 
UDM the; lerm loluble ulla otsd with buiam ud leid. Thej are genenU; Mtled 
ImieitBles. Tb«T sU eontiuD •>!«( ud ■ UigtT proportion of uid elemsnta th> 
preceding »IW 1 (4) the IMtnlnnssUlei, liks Na,O,tWO^10H,O tod B»0,4 W0i.DH.jO Iw 
FuBpla i (fi) ths oatitnngstKladar eiunple, Ni>,0.BW0,,9iH,O. Since the mMilung. 
■IUm Iois m EDDch water at 100° that thej leave ealta vhuss dcmpaiitioii ooTteapoiida 
wltli an acid, SHjO^lWO,— that ii, HeWiOig— whilit in Iho motn ullg only S hydrogeiu 
am replaced by metAla, it ia aatomed, although without moch ground, that these lalM 
soolaiu a particolai Klable mstatnngilic aeid of the compogiliao H,W,0,^ 

^Ae an eumple we will give a ahort deieriptioTi of tho todinm uita- The Dormol 
■alti Na^WOf. ii obtained bj heating a itrong solution ol todiom carbonate with tungitio 
Mid to a leoiperatnre of 80° ; if the solatioD be filtored hot, it eryitaUisea in ^ombia 
WiDtar cTTitala, haling tho compoiilioD NagWOulH^, which ramain unchanged in tha 
air and are eoeilr aolnUe in water. When thia aalt ia fnivd with a froih quantity of 
iBBgilie acid. It giTss a dilnngatata, which ia aotabte in water and Hpamtea fiom Ha 
nhitioa in crjatals oontaining water Tbo lame salt is obtained by earofolly adding 
kijdrooUarlc acid to the solution of the normal lalt bo long aa a precipilate does nol 
qipoar, and tha iiqnid illll ha* an alkaline reaction. Thia rail wa> Snt lapposed le 
hare Ika eompoaition Ka)W,0|,(H^, but it baa ainee been found to contain (at 100* 
Na,W,0„,lcH,0— that ii, it correapond* with the iimilar salt of molybdie acid. 

(If thja Bait be boated to a red beat in a atraam ot hydrogoB, it lowi a portion ol il« 
oxygen, act^irea a metallic luBtre. anif tuma a golden yCllow colour, and. aftar beinf 
tnsted with walar, alkali, and acid, leave* goldan ysllow leaflet! and cabas which nr 
Teiy like gold. Thia VBry ranarluble anbatanoe, diaoovered by Wiihler, has.aonrdi' 
to HalagnU'a analyiia. tha eompoiition Ha,W,Og; thal.ia, it. as it were, contain' 
dooblo tnngatato of lusgaten (adds, W0„ aod ol aodiam, N«,WO.;WO,WOj.' ■ ' 
decnmpoirlion ot the fiiB«d aodinm lalt ia beat effected by flnely-dirided tin. TbI* 
stance has a ap. gr. fiO; it conducta electricity, like metals, and like them baa ■ ms 
IobItBi When brought into oenlaet with tino and aulphoric acid it disengagea hydn 
■ad H beowHt eonrad with a coating of copper b a solntlcn ol eoppcr mlphats in 
prtsenoB ol dnc — that ia. nolwithftanding ita complai compDaition it ptetentt 
Mttaia mlent the appcaiance and reactions of the melalt. It is not aetad on by 
nfla or allialine aoluliont. bnt It ia oildiaed wb«n ignited in sir.) 

Ths ditongatate mentioned above, deprived ol water (bavmg uudergODC a ni 
~u to that of metaphoapborto acid), afUr being Inated with water. If 
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I SoA metali are inCusible, and both under the action of heat form 



VaBlijiiniDi, ipui 



, Utcitnngi'tnte, NiiaWO.,alVOj, wliich, when healed il ISO* 
p^uei into an ebtilf lolable nwUtunBitatep It may there- 
N b« wid that Lbn metataDgitAtei are hjdrMAd componiida. On boiling m. KLbtiob at 
M abttn-iMntioiied ulu at Bodinm with thn yellnw hjdnU ot tnogitic acid ths; gira 
^■olntlon ot mDUtiuigsUte, wbidi ie the bydnted tetutrnigiUls, It* ejyiUb coaUin 
hgW,O|],t0K|O. Atler the hydnCa of toDgitic uid (obWned Irom tha oidinuy tnng- 
ilklM brpncipiihtion wilh an acid} hkdttood along time ia contAot vith a loliilicni (hoi 
V B^d} of aodiani tangital*, it givoi a tolulroD which ia not precipititted by hjdrcchlorio 

I coBiiOMd by boiling], lb £nt form* a very denao aolntion (alDmininDi floata fb H) ot 

^H^ gc. 8^ ud oDtahBdral eiyitala ol Kdimn nulalit-ngtlats, [Ia,W,Ou,iaH,0, ip, gr. 

^^Ew, Uws •epuate. It effiQisKoa ond lotei watar, and at 1I>0° only two ont of lbs 

^^KKafaiTalBiita ol oiter remain, bat the propartieaol tba lail temain tuullaied. If tba 

^^blt ba depiivBd et watar bj larUwr heatiog, it basomea inaolnble. At ibs ordinary 

^^^■DiiBBlDn ons part ol ustec diamlTea ten pari* of the metatungitata. Tba other 

nwlatOBgUatea are euily obtained fmm Uua lalL Thus » itrong and bob aolntioB, 

miiad Kith ■ liliii adotion of bariiui chloride, giTea od oootiog cryatala ot barinia meta- 

tODgitals, B»W,0„,DH^, Tlicae cryrtala are diaiolied uilhool chapge in vatei con- 

laining bydnwlilorie acid, and alio in liot water, but bhey are partially d^compoied by 

cdU water, with the furmation ol a HlDtion of matatuDgitie uid and of the nonnal 

buinm aalt BaWOt. 

Id order to eiplaio the difterenn in the propartiee at the aalta of iDngilfc aeid, wt 

may add that a mutsro nl a aolution ot tunsitio acid with B.iolntiaD ol ailii^ic acid doe* 

^^not eoagnlat* when heated, althongh the lilleio aoid atons would do to; thi> ie dne to 

^Ofa* IoiemLod ol ■ •ilicDlungilto acid, diKovued by Huigtute, whicli preMota a treah 

^Hjns^la of a eomplei acid. A lololioo ot a lungalate djaaolTai gelalinoaa ailioa. joab a* 

^^Bk deea gelatijiotia tuagBtio acid, and when eraporated depoEita a cryabalEine aaJt at 

^RUioottngitie acid. Thia aotution ia not precipitated either by acida (a dear analogy to 

VM IMlatllBgilalfla) ot by autpbnrelted hydrogen, and correiponda with a aoriea ot Hit*, 

TbMsaalU ooatain one eqniialimtcl ailica and 8 ■qaiTaloDtM ot hydtogrnor nistala, Ib 

lb* aaua farm aa in aalta, la lU or 10 eqnivalente of tungatlc anhydride ; for example. 

the eryataUias polaatiam toJb bii the oompoaiUoD K,WuSI0u,l«H,O^«EC,O,iaW0b 

8IOi,UHp, Acid aalta are alao luiowu in which half of the metal ia IBplaoed by 

' luty of (ho coinpoaition ol auch complei acida [for example, of 

t* phoaphamaljbdic acid) involonUcily lead* to the idea ol palymehaalioo, which we 

' ailica. lead oxide, and other compannda. Thii polymeriur- 

nnderatood llioe : a faydnl* A (lac axamplo. tnngiUo ai;id) 

!* capable ol eonibining with a hydrate B (far awnplv, ailica or phoaphuhc acid, with 

i>r wibhoQl the disengagtmcnb of water), and by reaeon of tbli facotty it ia capable at 

polymeriaitioil— that ia, A combinea with A — combine* with iteell— jnat aa aldEhyda. 

C^H^, or Lba cyanogen compcanda ate aNe to combiJie with hydrogoD, oxygen, ^c, 

and are liable to polyracriaalion. On thia view the molecule of tongetic acid ia probably 

DtiebmorB complex thaa we repreacpt it . IhJi agreea with Iho enay volatility of CQoil 

Gonipoojuli a. the chloranhydridea, CrO.jCI,, MoOgCli. the analogoaa of Lhe volatilo 

■olpimryl iJilcride, SO CI,, and with the non-vobltility, or difSenlt Tolalility, ot chromic 

■nd nolybdie annydridaa, the anaJognea ol tho Totatile anlphuric uihjdride. Sildl a 

' * aUo find* 4 certain conflrmatiDn in the reaaatchea made by Cirahajn on the coUoidal 

Ucl tODgitic acid, becauee ooUoidal propertiea only appcrlaio to compoondi ota <r«t7 









nolybdie acida introduced much u 



mid* by Graham on the colloidal *I«t« oT 



ia placed in a dialyier, hydrochloric acid and ao 



n ol 100 parte ol (luigatic *cid abont SO parte rt 



le dialyaer. Tbe tclDlioa 



p 
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compounds with carbon and (ron (the addition of tongsten to a 
renders the latter ductile and hard),^ Molybdenum forms a gre; powder,, 1 
which seartely aggregates under a most powerful heat, nnd has a specifio I 
gravity of 85 It is not acted on bj the air at the ordinary tempera- 
ture, but when ignited it isfirstounverted intaabrown,and then intoa 
blue oKJde, and lastly into molybdio anhydride. Acids do not att on it 
—that is, it does not liberate hydrogen from them, not even from 
hydrochloric acid— but strong sulphuric acid disengagw sulphoi'oui j 
anhydride, forming a brown mass, ccntiiining a lower oxide of uoljrt^ J 
denum. Alkalis in solution do not act on molybdenum, but when fuaed.J 



and dsea nol ji^ld g?Iil 
not tfan hi/droioli. 



igbii.ty Biicr hating bceo )i»ted to ar~ 
mi heat, whoa >l Icsei lIddI SJ p.s. of 1 

I [he hjdroiols a 



Itrongly to ths wiIIb □[ tho voed in o 
(olublD in Httar. It doe 

wiUr. The dry Kid, di 
lib* gum ««bic. whinh 

aubitiDciss, The Bolution, conUloIng fi p.o ol Iho unliydiide, hu i, >p. gr, oi 
3(1 p.c, □! IIIT, with BO p.o., oI ISO; wd Hilh 80 p.c.ot 311. Ths p 
polymatiKd Irioiida in ths lorm nf hjdnte, H,OW]0, ai H.Ol'WOj, moit UuB b 
ntcDgniiod in tlu Aolution: tbii ii conflrawd bj SubuiHfTacryoicDpic deUnoiiu 
(teWJ. A gimilu sUbla aolution ot mDljbdio uid ii obtaisod bj lh« didjRi of % 
mixlnn ol k itrong wlutioa ot aodium iDolyMnlc with hydncUoiio uid (tba pv . 
which i( fanned ii r»ti9»Ivcd}, If MdCI, ba pKcipititfd by uiimoniii ud wasbed with 
WHtvr, & point it raHch«d at which perfoct (olotion tAk«« plboo. and the molybdio Mid' 
lorma a colloid lolatloD which in pcecipititsd by tbe addition of unmania (HulUmuiB). 
Tha additioD of alkali tu tha tolulioni of tbe hydrotoli o( lungnlto md molybdio acid* 
Immadialcly reiulle ia tha re-lormation of the ordinary luiigitates and moljrbdalM. 

paiugg ol the ordinaty tungatatai into tha matalongEtatat a> takai placa b the pMH 
of luugitio acid itult liom an inu>loble into ■ lolublo ilale'. but tbia nay Iw v 
actually promd lo ba tha cih. becnuaa aoheibler oblainsd n tolotiuo of tungitia add, J 
bclon Gnliam, by dacompaiiug baiium malatongitate [BaO4WO,,BH,0) with BUlpfaarfa J 
acid. By treating Uiia salt w " ."""."." 

talioii ol tha baryta, Boheiblai obuiuad a lolutioa of uielatungitio aiid which, whm { 
coiilainiuK 13'TS p.o. of acid, had a ip, gr. ot IBM, and with 3761 p. 
that ia, ipeciBc graritias oorreapobding witli thou fnuod by Grahajd 

Pochard found that u mtufa beat ia 
•tJphDria acid. 

QuHtloaa connected with the mslaHorphnua or modiflcaLlon 
molybdic acidi, and (be polymatiHtiuu and culloidal stale ol lub&lw 
lOnnatlan ot complei acida, balonE to thai lIiu o| pn>blem> the KlotioB ot whicli 

chefflieal nuuliona. I think, moreotar, thai quaationa of Ihia kind aland in intimate c 
BHtiou with the theory ot the lormation of Mlgtisna BJid alloya and other ao-eaJled incb- 
Buila ooDipoRida 

• Ho.iun {ISBS) itudied ths componoda of Ho and W fonnod with carbon in th« 
•lactdcaJlumareithay areeilramelyhird)frDmamiilureot ttaeanbydrideaand carbon. 
Polech and QrUliaei obtained dcHnite eompounde FtW, and F<W,C, for tuugaleo. 
UsIoUis W and Ho diaplaee Ag frooi lUeolutionabat not Pb. There iareaaoa for belisving 
that Iba ip. gi, d[ pure molybdonum la higher than that (8 i) generally aecribed to it. 



J 
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with it hydrogen is given off, which fihowa, as does its wLole character, 
the Bcid proporties of tha metal. The properties of tucgatcn ure almost 
ideatioal ; it is infusible, hoa an iron-grey colour, ii exceedingly Lard, so 
tfast it even scratches gl&sa. Its Epecitic gravity is 19'1 (according to 
Rouoe), so thaX, lite uranium, platinum, &c., it is one of tho heuviest 
■netatfl.^"* iTaBt as sulphur and chromium have iLeir corresponding 
persulphuric and perchromic acids, H,S,Og and E,CiOg, hdving tha 
properties of peroxides, nnd corresponding tt> peroxide of hydrogen, to 
olxo molybdenum and tungsten are known to give ptnnolybiiic and per- 
lu-ng$lic acids, H,M0jOj nnd HjWjOs, which have tho properties of tmo 
peroxides, i.e. easily diiiengage iodine from KI and chlorine from HCI, 
easily part with their oxygen, and are formed by the action of peroxido 
of hydrogen, into which they are readily reconverted (lieace they may 
tw regarded as compounds of H,0, with 2MoO} and 2W0,), ic. Their 
formation (Boerwald 1884, Kemmerer 1691) is at onco seen in th« 
eolomtion {not destroyed by boiling), which is obtained on mixing a 
■olutioo of the salts with peroxide of LydrogeL, ofid on treating, for in- 
■tance, molybdic acid with n solution of peroxido of hydrogen (P^bord 
1692). The acid then forma an orange-coloured solution, which after 
avaporation in vacuo leaves Mo|H,Og4U,0 aa a crystalline powder, 
and loses 4HiO at 100°, beyond which it decomposes with tho ovolu- 
lioa of oxygen,'"' 

Uranium, D = 240, has the highest atomic weight of all tba 
analogues of chromium, and indeed of all the elements yet known. Il« 

*'" Wa mty couolude our dlKriptioB ot tBOEaten ud molibdsaiini bj stating that 
IJltir nlpfattr componndi have ui add cbuvfter, lika cuboa faiialphiilo or tlumit: ut 
phida. II Boipboicttcil hjdmgsD b* pfLued thtooeh a wJntiou ol ■ mol^'bdiU II don 
oM git* « [incipil»t« Bolevi lulpliiirii! uid be pieiciit, wbeB k dark brown f ndpitala ol 
tmots^dmum Imulpkide, UoSj.is toimed. WLea Itiii lulphida i) ignited oilhoDt aiMW 
of (il tlgiTcsIhs buulphide UaS^ ; Ibe lutter ii not nbl« to combiDS vitb poluaium lulphida 
t&a Uii Iruolphidt Hi>Sj,*hicb lotmi a uiti. K,Mo8,, com^ondiDg nitb KtUaOt. 
This is Milabls in «&(«, and >epiknt« out Irom its aolDtian ia red erjritiili, vhlcb hnTS a 
■mWIIc Inatie itnd reflKt ■ gieen light. It ii eauljr obtiioed fay hHtiug tbi native 
biBl|Aidc,IIo3,, withpol*ib,iBlphiii,iuidaHn>UiuDount al chircMliirliich urvHln 
dsBtldiuBg tha otYfta comgwitBdi. Tnngrten pya liaiikr composndi, B,V3,, whna 
B > HH,. K, Ku, Tboy ure decompouii by isidi, irilli (be HpiFntiim el langiMn liunl- 
lAldB, WSj, and lODlybdeniuu trunlpliida. HaSj. Bideal (1S02) ubtuned W;Kj by hntinc 
WOi ia NHj. Thi* mmpouad eihibilsd the geninl proptitiia ot DWtallie ititridea. 

■ ■" Wbao pcroiidsof bydrogau tela opon ■ wtntioucf potasiium moJybdale irell- 
bniMd yallow ctystali bclanipnK (a the tridinic lyitem sepuale ddI id th< cold, Whaa 
■hua cryitali are heated in Ticna tbey fitit loae walei nnd then deeoBipoK, teniiag ■ 
tmiHut eompoecd of the ult oriBinally takon. They ue (olDbla in wati-i bot inoolubl* 
(■■iMhoL Thvit con^Miilioii ii npracenled by Ihs fonnuta KiHo,0|3H,0. An am- 
■anianl tilt it cbtainad byaTapoitUng peroxide ot bydtegeu with vununiium iDolybdatc 
IhabillaaiiiEaalti bat; alio been obtainid by the action olporoiide ot bj'dnig^ii opon UlB 
mdiog nioljbdaleii f(»,Mo,0.eH,0— in ytUow prismatic cry ttiJt : MeMo,O.10H,O 
f ueedlui BaMo,0,aU,0— in mioroaoopie ytUow oetahedra. A rarreepoiidiiig 
n pectungilate baa lieen obtained by Pjduud by boiUog todinia tungilate with a 
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highest anlt-forming oxide, TJOi, sliow* very feebia acii properUec 
Although it gives spftriiigly-Boluble yellow compounds with ftlkolis, 
which fully correspond with the dichromates — :for example, Na^U^O, 

=NajO, 21701,'" — yet it more frequently and easily reatts with acids, HX, 

tolution of peiDiids of hydrogen tor Mvernt Dii]iiil«a. Tbs (olution mpidljr turn* yello*, 
■lid DO longer gives o. ptecipilate ol tnngtlio mliydrido wlwn lienled niUi uUrio aeU. 
When evaporiled in vicuo the wlulion te«vei a thick lynipj- liquid fiom wbioll rt,j.Kka 
oryilKlB tepualeout; theu crtiUliace mora ulublB in wi^tei Ibui tbe oil origiiujty 
Ulnn. When henUd thsT aln) loM) Hntec and Dii;g»i, Their compoailion uiiwua 10 
Ills tornmla MiW.OsaH^O, wliere M = N», NHj, *q. TUo permolybddtM «1id par- 
lungilnlei hive limitu propertii-i. When treated with oiygen ocidi lhe<i eive Dcnnkl* 
of hjdrogen, and diMngiiga chlorine and iodina [rou hydrochlorit Kid 

Piecini (IBOl) ahoHad tlitt ptroxiJa o! hydtogea not only combiiiai wilh tha <n 
Bompoundi of Uo nud W, but nlto Kith their fluo'comiiounda, among Mhiob amnw 
aua-raolybdataMoO,F, INU, ond othen have long bsen known. (A few newaal 
NmiUr compotilion have been ohlaiiiod by F. Manreu in IStl3,) The action «t pan 
ol hydrogen npon thaw compoiuidi girea ealli cDnlnimng a laiger ■mnont of oiygu 
luiUnca, e salulion ol MoOjF,;iKFII,0 with peioxidB ot hydrogen givei a yellow 
lion which alter cooling KpUatei DBtyaUowcryttaUine lliikeeol MaOiPgaKFH^, n 
bliug tha ul t origiDally taken in tliair eilarnal appearance. By employing a liniUrJ 
Piecini alu obtained : UoOiP]SRbFH,0--yeIlow monoclinic ctyatals ; MoO,P,SCiPBA 
—yellow flakei, and the corresiwndlng tungitio coinpounda. All Ibeie BstU n-ast lUa 
peroiida o( hydrogen. 

In ipealiing ol theu compaundi I lor my part think it may be wall to call aUantian 

Dot cormpond to that of pennolybdio and partungitic acid, II tha latter ba nppMHd 
by InminlB with one eqnivalant ol an elenant, thay will be HMoO, and HWO4, and Dm 
oiy-fluo lonn correaponding to them abould have the compavtioa UoO,F and VlOJf 
while it oODtwna MO;,P, and WO^F,. i.t. aoiwen aa it were lo a higher degree ol oiidlr 
lion. MoH,0, and W UO,. But 11 permolybdio acid ba regarded a< lMoO:4B,Ot.i#. 
tt conlaiuing Uie ilameiiti ol parotide dI bydrogan, then Piccini'a compouod will »lw bl 
lound to conloia Iba oiiginal aalta + H,0 ; for aiampla, Irom Uo0,F,aKFH,O (ban i» 
obUined a compound HoO,FjilKFH,0„ i.e. iniUad ol H,0 they contain H.O,. In O^ 
aocond place tli* capacity ol tha ulti nl molybdanom and tungaten to retain a tnrthtr 
amonnl ol oiygen or Ufi., piobubly baara uma relation to their property of giving eom- 
plax acida and ol potymatiiiDg which baa been ooniidared In Note 3 bla. Then ii, 
faowaver, a graat chemical interail In tha accumulation of daU respecting theu higk 
paromdo componnde correaponding to molybdio and lungslic acidi. With regard to Ih* 
peroiidr form oF uranium, tft Chapter XX., Xola Ofl. 

" Uranlom Irioiiida, oc Dranio oilda, ahowt ili tiwble baiic and acid properliaa In K 
great nnmberotiUnactlooa. fl) Sdalionsof granic aa)U give yellow |>redplUtcs with 

itwilhbaaaai lor aiwnpl*, SUOifKOj^+SKHO'lKNOj + SHiO • K,i;,0„ There ara 
otliat uranoaHali eop-povjidi ol (ha aame conatitalion ; for eiaiiiple, (NI1,),U,Ot 
(known eommercially aa uranio oiida), MgU.O,. BaUA> They are the aualognea ol til* 
djckmmatei. )jodium unuiata ii tha noal ganarally Band nndir the name ol unoiuia 
yellow, Na,U,0). It ii uad lor imparting (ha charactariatie yallow-graan tint to glaaa 
and poicalaia. Naithar heat nor water not acida ara able Id extract tha alkali from 
MidiuiD ora]iata,Na,lI,07.and Iherelaro It iea Ime inH>lublo aall,ol ayeltow ca1our,aad 
dearly indlcalna tha asid character (although feobtej ol uranio otida. [11 Tha dirbonatea 

•alt*, aa tbey do all Uwiatttol leeble bavitl for eiunpla, ]l,0]. (SJ.Tha aUal'necor- 
tmAfai, whan added lo •olD(ioBi ot unnleBalla,glia aprecijntalc.icAicA ■'(•oluiletit 
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lorniiiig fluorescent ye1lowish-gr«en salts of the composition UO^X^ 
Mid in this respect uranio trioxide, UO3, differs from chromic anhydride, 
CrOj, Although the ktter b able to give the oiychloride, CrOjCI,. In 
molybdenutn and tungsten, liowaver, we see a clear tranaitioa from 
chromium to uranium. Thus, for example, chromyl chloride, CrO,CI„ 
is a brown liquid vhich volatilisea without change, and is completelj 
decoiapoEed by water ; molf bdeuum oxjchloride, MoOgClj, is a crys- 
tallino substance of a yellow colour, which i.s volatile and soluble in 
water (Blonistriuid), like many gaits. Tungsten oxycbloride, W0,C1,, 
Stands still nearer to uranyl chloride in its propertieB ; it forms yellow 
scales on which wat«r and alkalis scf, as they do on many salts (zino 
chloride, ferric chloride, aluminium chloride, stannic chloride, &i:), and 
perfectly corresponds with the difficultly- volatile Halt,'UOjCI, (obt^ned 
by Pclrgot by the action of chlorine on ignited uranium dio;[ide, UO,), 
which is also yellow and gives a yellow solution with water, like all the 

tnaeceiioflhinaiirKl.tiia pwUcululr 10 if Iha acid cubonitcsba ttken. Thii ii 
due Ui Ui< fMt thut (4) Ibc vnnyl w>lU toMs/om donbte talli with Lhe iilti at th« 
tJliiJi meUla, InclndiDg Iha nllaot ■miDoaiaDi. Uiuniiun, in Lhelorm d( Iheu doable 
nlU, ofko giTHHlUoI well-acStica ci^UJline loiui, mllhosgh the limple utUu^ litUu 
Inotifl tfi j^poBf in drysUls. Such, f or eujnplfi, u« the sftld obtBined bjr dissolvipg potaa- ' 
■iom unuwto, K,n,0„ in uida. with the i^ditian ot paliuiiam ulta at tbe Huac uidi. 
Thug, Kilh hydiDchlDiic ucid tni potuiiuin chloiide ■ well-Ionued ci7>Ulline ull, 
KsdIOCI, jH,0, belonging lo tb« moDOcIioia iTsUm. i» prodaced. Thi< iijt deoam- 

doDbU ovbooftta wiUi the tOali^ S,(I]0,)(CO,), (eqiut to aR,C0,+UO,CO,) ; the 
■Mtitn, B(U0^(C,H,O,)3— toi instvim, the Bodrqm bait, Ni>(U0,||C,HiO,)3, end the 
poUainmult, K(UO,)(C,H,0,)„E,0! the Bii]pliileB.K,(tI0,|(S0,)„3H,0. fto. In the 
prsMding fonDali fi >^ K, Nk, NH,, or H, - Hg. Bn, Ao. ThU pteprrlg of s"nng 
canparalivily itabit double lalu indirptat ftthly dmilofid baiie praftrtia, beciiue 
doDblH ultg are muoly (onned bj ailta ol diitincU; buio matili (then farm, 4i it sere, 
(be baiic eUmfrnt ot A double ult) uid Bollflof fe«bly Bnerg^tlo bu«a{thc4e form l}ig jLcid 
■lemeBl ol k donble ult), jugt u the lonneT tito giro vaU taiU ; tbe uid of the said 
ulli ii rsplued in the double salti bj the ult of the feeblT onugolic bue, ahich, h'ke 
wkter, belonga to the cIub ot Inteimeditla buu. Foi Ihii re4Mn buiutn does nob 
give double ults with idkaUg aa uiggncviuil doea,aDd Uiia Ib why double nlte uo 
more eaiity totnted by potauiam Ihu by lilhiam in the eeiiei of the lUdi metal*. 
(It) TbeiPoeb HraBrlcBble property, prormgUiA Feeble energy of tuuiie oxide a« * bxae, i| 
■een in the fut Uwt when their compotitiou Is eompved wiLb that of Dllur ulli Ihoae of 
nnnic oxide alKayt appear ai toiic jojtt. It ii wall known tlut a nonnal uJt, B,J[„ 
ooiTBtpondBwilL the otide R,Oi,whe»X= Ol,N0j.ic.,otX, = S0,.C0i,4e. ; but there 
■]« eii» buio ealle ot (he lune type where X ^ BO or X* - O. We Hw mIU of kll 
kinde Bmong (he ■BllB ot ■lumiDiam.ohronunin.uid othore. With onBio oiidenaaBlta 
an known ot the types UX,(UClAU|BO,)„Bluint, &c..ikronot kDGWQj.oat e>ei> ealU, 
tKHOjXi 01 UOX„ but it ilwByi faimi (Bits ut tbe typo tr(UO|,X, or UO,X,. 
lodging trom the fact that neuly ell the ulUof unnic oiide retain wBleiin vi7BCiillii.iDg 
end tbil thil wBlec iBd"~ " 
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wits UOiXj. The propeny of uraoie oxide, UO|, of fanning uXtm- 
VOfXf ia shown in the fact that Iba h;dnted oxide of oraniiu^ 
UO|(HO)j, which ia obtained from tho nitrate, carbonate, and oUiar' 
Hits b; the loss of the elements of tlie acid, b euilj soluble in Mid^ 
■• well u in the fact that the lower grades of oxidation of urajuum ara 
able, when treated with nitric acid, to fona on easily cr^stAllisablv 
Branyl nitrate, U0j(NO,)„6H,0 ; this is the most comroonly occurriiig 
Dtaniom salt," 

Uranium, which gives an oxide, VO^ and the corresponding salt 
UO,X, and dioxide UO,, to which the a&lts UX, correspond, is nirelv 
net with in nature. Uracit« or the double ortbophosphato of urania 

« Vranyl aitratt, or aiuinm nitnto, CO,(NO,|j,flH,0. errrtaUiH* Irani iu ■ots. 
lUnii In uvupcranl jdloiriili-gtMii priuni (bom m idd ulutiou), or in Uliolu erjUala 
(troQ) » ncQtr^ ftolulton], wLiob eOSorHce in the kit tad fcrv tiuilj »a1qb1a in wtXtt^ 
•loohol, uidaUwr, hmitp. gr. ol 38, uid(B»wbsnliHted,louDgniEriouid Uldwala 
ia Uu pioceu. II the ull itwU (Barieliai) « iU ^cnhpUa ■olnUoD (lUl«|{ali) b* 
bHted up Uj tba temperitDis U nbkboiidetaf nitrogen an eToWed, Ihers tlwn iwnaliB 
■ BUM vbicb, ilUr being enponted witli wslar Imih uruji hjdniidB, DO^HO)^ 
(■p, gc. GDS), whibi il Iht ult b« ignited Ulan nnuint Iha dioilds, U0» m & brick^ml 
pavdar, •tiieb on (nrthu baaling Inca oijgen and (ormt Lbe duk oliia <itan«o-uraBf« 
Oiida. UjOi. TlwaolDlioa of thanitntaobUinedtrom Uw on i> pniifisd in tha loUniriof 
Bannar- ■Blpbnccnu MihTdiida li Snt puMd tbrongh il in order tii rednoe Iba anaafa 
ttU p KH Dt iota arnanioni aetdl Uu aolation ia tban bcatad to <M^ uid aulpharetMd 
tajdiDgan paaaad tluaagh il ; Iliii pncipiUlea tba lesd, uunie, and tin, and caHaia 
dtbar inalaJi, *a nilpbidei, iniolDble in water and dilute nitric acid. Tbii liquid ia than 
Bltcrad and araponled wilh nitric acid to cryiUUiution. and lbe ctTilala an diiaalrad 
InalbBT. Oi alia (baaoIutiDniiarMtroatedvith chlorine in order locon>«Tt the fetnai 
obloflda {ptodncad b^ Iba action of the hydrogen sulphide) into feirlc cblorida, Iba 
oxidaa an ibaii pracipiutad by amtDonia, and tba reanltant precipitata, coalmining (bo 
oxidai Fa|0i,1I0|, and compMiiidt ol the laUet irilb potoah, lime, ammenia. uid otbei 
law* pnaanl In tba wlntioD (tba Utter being dna to [ha propattr oi urauic oxide of 
aonbtalngwltlibaaea), iawaabad ud diaioltad in a itrnng, gligbUr-heated •oluilon ol 
•mmooiiUD eatbonata,.i>hieb diaiolTea the nnnio oiida bni not the teiric oilda. Tha 
aolation ia fllliarad. aiHl on cooling depoiit) a wilt-erjiUIUiing urdnyl dHiinsniurn ear- 
benatt, DO,(NBJ,(CO,)hia biiUiast mooocliniccrr^ioliichDosrpoanrg lo air ilowl; 
give nil waUr, carbonic anbirdnde, and amnotuai tba aame decompoiitioa la Te>di];r 
aDedUd *l 900°, tha raaidne then oonaiiting of nranic oiida. Tbu ul( ia not varj uilDbla 
Ui «atar, bnl ii raadil)' w in iminoiiiBin caibonata; it iaofaiioDi llut it nuy readily ba 
(Wnverl4d into all Iba other lalta ol oiidea of nraninm. Uraaium lalti are alto purifiad 
in tlia lotD of >iet(a>«, which ia rarr aparinglj Kilable. and ii therefore directly piecipi- 
lalad troiD a ilrong wlDtion of tba Diliats by mliing it urilh acetic add. 

Wa ma; alao BMUliun Lba urannIj'AoipAale. HUPO» •rhich oinil be regarded u an 
OrthaphinpUaU in oliieh iio hydrogcDi an nplacad by the radicle oraoyl, CO,, ij. aa 
HIUQtlPOv Tbia'iall it formed a< a bydnted geUtlnoui yullow precipitate, on miiing 
a eelntian ol oranyl nitrate vlih diaodiua phoapbate. Tha precipitation occur) in the 
pnaaSM of acatle acid, but not in tb« pin«i« ol bydntUork acid. II moreoTer an 

tba brtgbt yallcnr getatiirfini |.r«ipii.u lonned. iu the proportion UOiNH.PO,. Thia 
precipilata i> not aolablo id oiler aad ifctin acid, and ila xjlatian in inorganic acid* 
when boiUd oallrely <i>t>elt all tho phoaphorio add. Tliii fact ia talrea adranlaga ol lor 
removing phoipboric acidi from aolDtiona^tor inataona, tmm tboaa cMmtaining aalta of 



CHBOMIUM. MOtYBDENUM. TUSGSTEN, URANIUM. ETC. 801 

oxide, B(U0,)H,P,0„7H,0, where R=Cu or Cn, urflniura vitriol 
t7(S04),,H]O, fismarakite, and Eeschynite, are very rarely found, and 
then only in small quantities. Of more frequent and abundant 
occurrence is the non-cryatalline. earthy brovn uranium ore known as 
pitchblende (sp. gr. T'2), which is mainly composed of the inlermediate 
oxide, U,0g=U0„2U0j. This ore is found at Joachimsthal in Bohemia 
and in Cornwall. It usually contains a number of difTerent impuri- 
ties, chiefly sulphides and arseuidts of lead and-iron, as well as lime 
ftncl silica compounds. In order to expel the arsenic and sulphur it is 
roasted, ground, washed with dilute hydrochloric acid, which does not 
disiolvo the uranoso-uranlc oxide, U,Ob, aud the residue is dissolved 
in nitric acid, which transforms the uranium oxide into the nitrate, 
t70,(N0,),. 

It mnst be observed that the oxide of uranium, first distioguisbed 
by EUproth (1789), was for a long time regarded as able to give 
nietallic uranium ooder the action of chai'coiLl and other reducing agenU 
(with the aid of heat). But the substance thus obtained was only the 
uranium dioxide, UO,. The compound nature of this dioxide," or the 
presence of oxygen in it, was demon 6t rot ed by Peligot (1841),by igniting 
it with charcoal in a atream of chlorine. He thus obtained a volatile 
ttrani'um Ulrathlorifie, UCI,,'* which, when heated with aodion), gasfe 

» Cnduni dioxide, or uranyl. DO . which i> contsiiied id th< wlta trO,X,, hu 
fttrt ftppeaTuiG« fcnd toAaj o! Iho [iropertida ot a metil. Uraaio oiide m&f ba regoidBd 14 
Biujloiide, <tJO,)0, it>»1UuBkltao[thiianDTl; iUlijiIr<>iidfl,(DO,JB,0„ tieonili. 
tHlwIIUisCiiHjO,. Tliiigneiiaii<I«nfDntuiiin.Druioti>Dnuuoo(ii)s[auil;ronned trom 
ntuiid ttid bf the lou ol oxygen), U^Ui ^ C0.„2UO,, whan ignited wilh obvcoal or 
h^dngAD (dry) giru A brilliant cryatAJliue nibitdjicc of ep. gr- bboDt ll'0(Utlbciii),«bo«a 
^ipwruiM rsHmbl'i OaX oI meUIi. lod dacompoHi (teuD >t n i«d hut Hilb (bs 
•ivlntion of hjdngHi ; il doci not, howaTar, decompow hydrocliliiric or ■alphurio 
■cid, bnt [■ DiidinBd by uitiia uid. Tha ume jubglanca (i.«. urwijum dioirda UOj) it 
•1m ohtalnsd by igailiDg the cDiDpoond <DOjKiC'], is i. (treuD of hydrogen, accntdla; 
lo UK eqaklion U0,K.Cl,+H,-t)L)j + 3HCUaKCI. It vu it flnt nguiled u lbs 

BDhydride ven avolred nheo it waa ignited with chAruftl in » atream ol ohlohaA, »rid 
trma ITS puta of Ihe nbatuca whish waa considend to be metil ha obtiinvd SSa parta 
of a rolalils pmdact containing 149 p^rta of cJiJonDe. From Ihii it waa conulnded that 
Uwnbttance taken nonlaioed an sqainleDt unouat of Diygiin. Ai liaputiot chlorili* 
Mtmiand wilh sa parta of oiygen, it followed thai Zlt-Si-UO pane ot matal wait 
wnbiniid in tha nibituioa with M {wrte of aijgm, and alia in tha chloima campoond 
Obttioed wilh Hi parti of ohlocina. Tbeea oUenlationi have bMn maJe for tha ddw 
aaeapted atomio weight of uninm (i; = l4a,iH NoUi It). Fsligot took UDtfan alDmin 
w^ght, but this doea not alter tha principle at the argnment, 

■■ Uranium UlroiUoHJt. nranoui chJoride. CJCI,, cotraapoadi with uanDili oiid« 
■•a bite. It waa obtained by Peligot by igniting nruuo oxide mixed with chu^ioa] in % 
•bMmof dfvehlotine. D0!*eC*SCl,-lia,'8CO. Thii grwm lolalUa cocnponha 
(Hola 13) crystaJIiiga in ngalar oclabedn, ii nry hygroBcopic, eaaily aolablB is water, 
*ilh Ihe developmaDt ol a coniidersble amount ol beat, and no longer aoparalea out 
tram l(> HlntiDD in an anhjdrana (lat«, but dtaengngst bydiochlDric Hid when eiapo- 
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mekdlic cranium as a' grey metal, having a specific gravity of 18*7, and 
liberating hydrogen from acids, with the formation of green aranons 
salts, UX4, which act as powerful reducing agents.*^ 

rated. The solution of uranous chloride in water is green. It is also formed by th* 
action of ziiic uiid copper (forming cuprous chloride) on a solution of nranyl chloride, 
TJO.^Cl;, espocially in the presence of hydrochloric acid and sal-amuioniac. Solutious of 
uranyl salts are converted into urunous salts by the action of various reducing agento, 
and among others by organic substances or by the action of light, whilst the salts UX4 
are converted into uranyl salts, UO-^X^, by exposure to air or by oxidising agents. Solu- 
tions of the green uranyl salts act us powerful reducing agents, and give a brown preci- 
pitate of the uranous hydroxide, UII4O4, with potash and other alkalis. This hydroxide 
is easily soluble wi acids but not in alkalis On ignition it does not form the oxide UOf, 
beciiuse it decoini>ose3 water, but when the higher oxides of uranium are ignited iu a 
Htream of hydrogen or with charcoal they yield uranous oxide. Both it and the clUorida 
UCl^ dissolve in strong bulphuric acid, forming a green salt, U(S04)>,'2H^O. The same 
salt, tu;^..'thor with uranyl sulphate, UO.jiSO^), is formed when the green oxide, UjO^, is 
dissolved in hot sulphuric acid. The salts obtained in the latter instance may be 
separated by adding alcohol to the solution, which i» left exposed to the light; the alcohol 
reduces* the uranyl salt to uranous bait, an excess of acid being required. An excess of 
"water decomposes this salt, forming a basic salt, which is also easily produced under 
filler circumstances, and contains UOiSOj.SH^O (which corresponds to the uranicsalt). 

'< The atomic wi-ightof uranium was formerly taken as half the present one, Us ISO, 
And the oxides UjO;,, suboxide UO, and green oxide UjO^, were of the same types as the 
•oxides of iron. With a certain resemblance to the elements of the iron group, uranium 
presents many points of distinction which do not jKjrmit its being grouiwd with them. 
Thus uranium f<.»rms a very stable oxide, UjOj(U = 120), but does not give the corre- 
sponding chloride UjClo (Roscoe, howcrer, in 1874 obtained UCI^, like M0CI5 and WClj), 
and under those circumstances (the ignition of oxide of uranium mixed with charcoal, in 
a stream of chlorine), when the formation of this compound might be expected, it gives 
(U = 120) the chloride UClj, which is characterised by its volatility ; this is not a pro- 
perty, to such an extent, of any of the bichlorides, RCI^, of the iron group. 

The alteration or doubling of the atomic weight of uranium — i.e. the recognition of 
U-210 — was made for the lir-L time in the first (Russian) edition of this work (1871), and 
in my memoir of the sjini«.' year m Lit'big's AnTi.iIrn, on the ground that with an atomic 
wetgiit I'JO. uranium could not b«: jilaix'd in the pi.-riodic system. I think it will not be super- 
fluous to add the following roiijarkson lliis subject : (1) In the other groups (K — Rb — Cs, 
Ca_v^r — IJa, CI — Hr — I) the aci<l i.haraeter of th<. oxides decreases and their basic charac- 
ter imreases with the rise of attnnic weight, and therefore we should expect to find the 
same in the group Cr— Mo— W — U, and if CrO-, M0O5, WO5 be the anhydrides of acids 
then we indeed find a dorrease in th«'ir acid (.liavaeter, and therefore uranium trioxide, 
XJO-, should be a very feeble anhjdriJe, but its basic proj>erties should also be very 
feeble. Uranic oxide d'.es indeed sliow these proiM-rties, as wa-« pointed out above (Note 
10). (*J) Chromium and its aiialogu<f«, besides the C'xides R0-, aUo form li)wer grades of 
oxidation RO^, RjOj, and the i»;inie is seen in uranium; it forms UO.^, l.'<^;f, U^O., and 
their compounds. (3) Molybdenum and tung'iten, in being reduced fiom RO,-, easily and 
frequently give an intermediate oxide of a blue colour, and uranium shows the same 
property; giving the so-called green oxide wlii-.h, according to present ^i^\\s, must 
be regarded us IVX ^ U0/2U0j, anah.gous to Mn.O^. (i) The hi»,'h. r clik-ridi s, RClo, 
pos'-ible for the element.^ of this group, arc either un«itable (W'Cl.) or do not <'\ist at all 
{Crj ; but there is nnf single lower volntile coiupour.il, whieh iu di i ■nl[u■^ed, by water, 
and liable to further reduction into a ni..ii-\olatile chlorine pr-^lni-t, ai.d the niet..l. The 
same is observed in uranium, whuh fnrins an easily volatile «.hl..ride, UCl,. d ■•■ »'m]K>8ed 
by water, (fij The high tp. gr. of uranium (in 0) \„ expl lined by its .inaloj:y t4> tuii-;-t,en 
-<sp. gr. 19 1). (6) For uranium, ad fox chiomium aud tuu^'st^n, yellow lints pre- 
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As tha salts of uranic oxide are reduced in the absence ot organic 
mntler by the action of light, and as they impart a characteristio 
coloration to glass,'-' they find a certain application in photography and 
glass work. 

If we eonipare together the highly acid elements, sulphur, selenium, 
and tellurium, of the uneven series, with ehromium, molybdenum, 
tungsten, and uranium of the even series, we find that the resemblat 
of the properties of the higher fomi RO, does not extend to the lower 
forma, and even entiri^ly disappears in the elements, for there is 
not the ttnallest resemblanee between sulphur and chromium and their 
analogues in a free state. In other words, this means that the smalt 
periods, like Na, Mg, Al, Si, P, S, CI, containing seven elements, do 
not contain any near analogues of chromium, molybdenum, A-c, and 
therefore their true position among the other elements must be looked 
for only in those large periods which contain two small periods, and 
whoso typo is Keen in the period containing : K, Ca, Sc, Ti, V, Cr. Mn, 
Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br. These large periods contain 
Ca and Zn, giving RO, So, and Qa of the third group, Ti and Oe 
giving RO,, V and As forming RjOj, Cr and Se of the sixth group, 
Hn and Br of the seventh groop, and the remaining elements, Fe, 
bo, Nil tonn connective members of the intermediate eighth group, to 
the description of the representatives of which we shall turn in the 
following chapters. We will now proceed to describe iiiangaiirae, 
Md = 55, as an element of the seventh group of the even scries, directly 
following after Cr — S2, which corresponds with Br=80 to the same 
degree that Cr does with Se = 79. For chromium, selenium, and 
bromine \eiy close analogues are known, but for njanganeeo as yet 
none have been obtained —that is, it is the only representative of the 
even scries in the seventh group. In placing oiunganese with the 

4aailn*t« In the lana ROy ■hilit Ihe lowii toraa in grean mid blue. (TJ Ziinmennuui 
(tSSI) dttumiscd tha ripour deRBitica of annoui brorpid*, UBi„ luid chloridn, Ua, 
()M and III), uul they iren toDod ta comipond to the tormulB gWen abon— Ih&t i>, 
Nm} evaSiiHcd the higher itomio woighi V^HO. Rateoe, • grot •othority on iha 
BMII* ol thia groDp. wu the flnt to uupt the propcwsd itainia ireight of DruiiuiB, 
II-M0. which lince Zimmermenn'i woih hu been generallj noogniKd. 

» Dtmnlnm gleu, obliuasd by (be (ddition of the yellow nit K,U|0, to gbui. l»i » 

■lalvt nji, like the clher iilt* of nnnio oiide — that ia, it poneuot an abaorplicm apeo. 
bam In whkh the violet ny> are abwst. Tha index oT relnetion ol the abeocbed rays 
El allerad. and thej angiien out agnin aa gteeniib-irellow raya; hen«, cainpouuda ot 
Muto acid. »hvn placed in the violet pDrtioo o[ the >p«tn]in. enit a grcanlih-yellow 
l^hkHid this iDmih one o( the beat eiamplea (another ia loDod in a aoluLion ol yuiniu 
Mlpliale) ol Ibe phenemenon ot llar>n!iceDce. The riya of light nliicb paaa through 

Bod of nhamical Iranaforniatian, aa the researehea ot Stokea prorc. 
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b^Ofeus iz one group, tiif* penodic BjBtfsm of tiie 

ttibt i: biicu^l i>^' iiL LUikiDry t: ttw bfclogeni in tfae Iu^mt ^pe «ff 

C£ad4t.uc'L— i.".. i.:. iii€ suu aiid ikciQS — whilsi it iwjuiim thai i 
t d- ?•; rs^'.'jt ^i«'j'i:>i be erjifcct*;- ;:: thtiower ijpes Andekmentii 
txibV. 'tA'tvveei: cLrc'QjiuxD or niolrbdensm aDd snlplmr or 
Alc *'::.^ >. &v'.ufa.l:T lb*: c^&e. Tbe elements of the se^enftli group fm 
n i^ ;:'i%r f^.: f'.Ti'.j'.r czife, P*.tOv aiid its oorraponding kjdmfee^ 
KI'/.-. t:-'- bi.>.i.— for e-aTLpl*. KCiO^. MAng«Dese in the fiora of 
pouxifc.u'x. ^r2;&L^rj!;.^.«, KMnO;. a?rail]r presents a great unJogr m 
cca;.;.' rtk;^^.-!* V. toUi.se: us p«er: hi orate, KCIO^. Tbe asakgjctf tfe 
cnv-tl..'.': i'jrrz. of och t?ilis "*»£ tbovn bj ^litscberlidL The aJtBoC 
pi!:rii-5i.r.;'j.i>. i.'.]'^ tre albo nearly a!! Bojub^e in vater, like thcMO of 
per',;.>^:.':fcii'J; trjd if tKf: tiivtr salt of \Le ';&:xer, AgCiO^, be sparing^ 
fcoi'ju'; ::. wb*.*;r, b^^ also is hllvrr pernan^nate, AgilnOi- The 
v*j.\i-^H of jy^lii^Iuia :^r^r*!ora^e is eq'jal to 55, becauK its 
gravity =s 2 04 ; tho £p^rji£c I'oIurDe of potassium permanganate ii eqaal 
to tfH, because ite fc^^ciLc gravitj=2'7I. So that tbe voliunet of 
ecjuivaler.t quant: tie « are in this instanc-e approximately tbe 
whjifet the atorrilc vc']l.7jC-; of chlorine (355 1 3=27) and mangai 
(55, 7'5/ aro ir« th^; r.->t;o 4 : 1. In a free state the higher acids HCIO4 
ajj'i HMfiO^ are W.h :.ol;jble in water a ad volatile, both are poverfol 
oxi'Ji^;r^- in a v.orrj, tlj'rir £inalo;^y is still closer than that of diroiiue 
Mifl bulphuric aci'h, and those points of distinction which thej preaoai 
alv/ o[/(/4:ar among the iiearer^t analogues — for exam pie, in sulphuric and 
U:i\urif: a' id>., in hydro'jhioric and hydriodic acids, «kc. Besides Mn^Oy 
iija/i;/an<s>e giveb a lower grade of oxidation, MnOj, analogous %tk 
sulphuric and chroini'; trioxirien, and with it corresponds potassiam 
Dian;{/inaU:, K^MmO^, j /jir.oq^hou.s with potassium sulphate.'* In the 
Still lower ({ra^Jo^ of oxirJation, Mn^Oj and MnO, there is hardly anj 
uiiiihirity Uf chJ'iiin'f, whilht e-xry point of resemblance disappears 
wliM) WD conie to the elernentu themselves — i.e, to manganese sad 
rhloiine -for ritttri;/:iiii'M.* JM a metal, like iron, which combines directlj 
with fJilorine to form a Kali no compound, MnCljt analogous to msgnt- 
Slum I lilori'lr. " 

Mufi^uni-iM} U:]on^H l<> the number of metals widely distributed in 

■* '!(>« ii<iii|iiiii«/jii lit |«c,u».iiiijin pfirmAit((«iiAt« irith potftKsium p^^rchlonte, or of 
|iiji • Bill •! Ill iiiiiii|>iii»ifi Willi {H.tuHitMiifi tulphiitio, khowii directly that m&nj of tbcpbytioal 
ftiitl I 111 iini.ul |.tii|<iiMi I i.f iiitlihUiiriii do not di!|KMi(l Oil tho nature of thu elemeniflf 
Lui oil lliii kl'.iiiii ly|>«-t 111 w)ii> h itiny Ap|M-Ar, on thu kind of movements, or on th« poii- 
Imiiiii III wliK li Lliii AiiiitiH (oriitiii({ llut inolcrula occur. 

*' If, liowiiviii, Mil roiiii«arii thi) kimi tra (Vol J. p. COS) of elilorine, bromine, tnd 
iuAinu with ilml i>( iiiniiKiiiHihe, » rcrtMin miwiiiliUncc or luulof^y i# (o b« (oond 
lug uiaiitfiiitiiMi butli lu iruti Mul lo chluiino, brouitne, and ioduio. 
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nnture, especially in those locnlilies where iron occurs, whose ores 
frequently contain compounda of manganons oxido, MnO, which presents 
a resemhlance to ferrous oxide, FeO, and to magnesia- In many minerals 
magnesia and the oxides allied to it are replaced by nianganous oxide ; 
calespnra and miigtjcsitM— 1.«. R"COj in general— are frequently met 
with containing maiigitnous ctrhonate, which also occurs in a separate 
state, although but rarely. The soW aUo and the asli ot plants generally 
contain n small quitntity of manganeEe. Tn the analysis of minerals 
it is generally found that maiiganeae occurs together with magnesia, 
because, like it, ninngnnous oxide remains in Eolution in the presence of 
aminoniaenl salts, not being precipitated by reagents. The property of 
this manganous oxide, MnO, of passing into the higher -jradesof oxida- 
tion under the inlluence of heat, alkalis, and air, gives an ca^y means 
not only of discovering the presence of manganese in admixture with 
magnesia, but also of separating these two analogous bases, Magnesia is 
not able to give higlier grades of oxidation, whilst manganese gives them 
with great facility. Thus, for instance, an alkaline Kolution of sodium 
hypochlorite produces a precipitate of manganese dioxide in a solution of 
» manganous salt 1 MnC!, + NaC10 + 2NaHO = MnO, + H,0 + 3NaCI j 
whilst magnesia is not changed under these circumstances, and remains 
in the form of MgCI,. If the magnesia be precipitated owing to the 
JtKseneeof alkali, it may liedissolvedia acetic acid, in which manganese 
dioxide is insoluble. The presence of- small quantities of manganese 
nuy also be recognised by the green coloration which alkalis acquire 
when heated with manganese compounds in the air. This green colora- 
tion depends on the property of manganese of giving a green alkaline 
manganotfl : MnClj+4KHO + 0,=K,MnO,+2KCl + 2H,0. Thus 
the /ae^tlty of oxidUing tn the preaeace of aikalU forms an essential 
character of manganese. The higher grades of oxidation containing 
HniOi and MnOj are quite unknown in nature, and oven MnO, is not 
SO widely spread iu nature as the ores composed of manganous com- 
poonds which are met with nearly everywhere. The most important 
ore of manganese is its dioxide, or so called peroxide, MnO,, which i« 
known in mineralogy as pyrolusitt. Manganese also occurs as aa 
oxide corresponding with magnetic iron oro, MnO,MnjOj=Mn,0,, 
forming the mineral known as Anusmannife. The oxide Mn,Oj also 
OOcnn in nature as the anhydrous mineral brauniu, and in a hydrated 
form, Mn,0„H,0, called mani/anile. Both of these often occur as an 
adnivture in pyrolusite. Besides which, manganese is met with in 
Bftture OS a rose-coloured mineral, rhodonite, orsilicate, MnSiOj. Very 
£ne and rich deposita of manganese ores have been found i* the 
the Urals, and along the Dnieper. Those at the Sharapansky 
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diBtrict of the Oovemment of Katais and at Kioopol on the 

are particularly rich. A large quantity of the ore (as much as 100,000 

tons yearly) is exported from these localities. 

Thus manganese gives oxides of the follovring forms MnO, 
manganous oxide, and manganous salts, MnXj, corresponding with the 
base, which resembles magnesia and ferrous oxide in many respects ; 
MnjOj, a very feeble base, giving salts, MnX„ analogous to the 
aluminium and ferric salts, easily reduced to MnX2 ; MnOf, dioxide, 
generally called peroxide, an almost indffferent Oxide, or feebly acid ; '• 
MnOj, manganic anhydride, which forms salts resembling potassium 
sulphate ;*^'^^ Mn207, permanganic anhydride, giving salts analogous 
to the perchlorates. 

All the oxides of manganese wJien htcUtd with acids give 9altij MnX^, 
corresponding with the lower grade of oxidation, inanganotu oxids^ 
MnO. Manganic oxide, Mn^Og, is a feebly energetic base ; it is true 
that it dissolves in hydrochloric acid and gives a dark solution con- 
taining the salt MnCls, but the latter when heated evolves chlorine 
and gives a salt corresponding with manganous oxide MnCl} — 1.0. at 
first; MnaOa-hBHClrssSHjO + MnjClg, and then the Mn,Cl« decom- 
poses into 2MnCl2 + Cl3. None of the remaining higher grades of 
oxidation have a basic character, but a^t as oxidising agents in ths 
presence of a'Hdsy disengaging oxygen and passing into salts of the lower 
grade of oxidation of 'manganese, MnO. Owing to this circumstance^ 
the manganous salts are often obtained ; they are, for instance, left in 
the residue when the dioxide is used for the preparation of oxygen and 
chlorine.^' 

1* The nAme ' peroxide ' Bhoold only be retained for those higheit oxides (and MnOt 
•lands betweefa MnO and MnOs) which either by a direct method of doable decompositioa 
aire able to give hydrogen peroxide or contain a larger proportion of oxygen than tbe 
base 07 *iie acid, juftt as hydrogen peroxide contains more oxygen than water. Their 
type will be H^O^, and they are exemplified by barium peroxide, BaOj, and solphtir 
peroxide, S^O?, ^c. Such a dioxide as MnO^ is, in all probability, a salt — that is, a 
manganous manganate, MnO^MnO, and ^Iso, as a bxisic salt of a feeble base, capable of 
oombining with alkalis and acids. Hence the name of manganese peroxide should 
be abandoned, and replaced by manganese dioxide. PbOs is better termed lead dioxide 
than peroxide. Bisulphide of manganese, MuS^, corresponding to iron pyrites, FeS^ 
sometimes occurs in nature in fine octahedra (and cube combinations), for instance, in 
Sicily ; it is called Ilauerite. 

IS b<a On comparing the manganates with the permanganates— for example, K2Mn04 
with ILMuOt — we find that they di£fer in composition by the abHtraction of ou*] equivalent 
of the metal. Such a relation in composition produced by oxidation is of frequent 
occurrence — for instance, K,Fe(CN)« in oxidising gives KsFefCN)^ ; IlaSOi in oxidising 
giret pcrsnlphuric acid, HSO4, or H^SjO^ ; H^O forms HO or H^Oj, &c. 

*• In the preparation of oxygen from the dioxide by meanA of H^804, MnS04 it 
formed ; in the pro|)aration of chlorine from HCl and MnO.^ MuCl^ is obtained. These 
two manganous salts may be taken as examples of compounds MnX^. Manganoua 
tulphaia generally contains variooi imparities, aud also a lai^ amotml of iron ealt 
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As the sslU of manganous oxide MnX, closely resemble (and arn 
lorphous with) the salts of magnesia MgXj in many respects (with 
■ nUive MbO,}, tram irtaieh ii otauot b« IrMd bj cryalilliution. Iheir 



iwnovml Di«ji hovsvAr, ha eflecbed b^ m 
■odium eikrbaiwt*: i, pncifitatii of manguioiu utUu 
'uhed, fljid tfacn ftdded to t1 






if ni*i«uioua (Dl^iLb 



>l th«iB 






I Mhola of th( Iran in converted into the 
otidiiing Bgnnl). wliich, •» in eicMdlogly 
and othec kiadred idli. i> nlao prgcipitUad 

II il bo a bright nd coloar, it ii due to 
ot nungiineta ; they iu»if ba df atroyed bj 
ihe oiirtii ol muigHDMB it etolTdd and a 
ilphiits ii abtajued. TbiBulliinmuliaUe 
Hinibinatiofli oitb iraler. Bj cvaporaling 
tulphate at v«iy low tflupflmtorea. and by 
ityitila ve obUined «>utuning7 alaniBof 



la pRcipiUtcd ai oiida. 1 
(he nungiuiFu dioiidg la mlphntin acid tt 
loiiio UaU (bacania Iha dioxide act* as an 
(ecblabuo precipitated by calcium cnrbmiati 
bj mODganoDa carbonal*. ^f&n bauig treati 
■ulphaU i( further puciSed by cryatalliiatiai 
lln pmaacs o( bigher gnin of oiidalion 
bailinc tin aololion. whon llio oiygen from 
veif laintly eoloand aolDlioiiof manganopHi 
|«r Ih* tMililj Willi whish it giru ntrioun 
Um alauial mltnnlw (DliiUon ot tnaHeaimui 
eodtinn Uw aaCltrated ■olulian at abanl 0°, 
<Ml*r of oryitalliution, 1IdSO„71IiO, wbicb an iumorphont > 
anlphaUa. TbeMcrr>lali,*tan al 1D°,1oh S pAot walcr.apd completely nffloreico at 
IB', IniDK about 30 p.c. oI walvr. By a^ainraling a lelDtiDn of the lalt at the ordinary 
tMnpanlurB. bat not abore W°, cryilali are obtained cootaining E raoL HJO, nhich 
lieiiDiDOFphouauitJi copper aolphaie; wrbilit if the LTyatalliBation ba curifld onbetwDea 
W and 90°, large tmuparant priimatie cryital* are iDRned containing t inol. R,0 (>«i 
Nidiel). A boiling tolalion alio dopoelli these cryilala together oith ery«t<di containing 
a nsl. H,0, whilat Ihe Knl tidl, when faKd and boiled with alcohol, gives cryitala 
•ooUiniug 1 BwL H^O. Oraliun obuiaed a moiiDhyduted salt by drying the Bit at 
•bout MO'. The lait atom of water ii eliminated with dilBoulty. ae ii the caie with all 
aaitaliks IlgSO.iiH.O. Tbe ciyalali coi)t>uniiig a coniiderabla amount ot water ua 
neo-ool«ai*d.and the anhydrout eryitili are colourlex. The eolability of Mo30,,<H,0 
(Cll«pl« L, Mote 11) par 100 parti ol vater it: at ID'', 117 parte; at IIT°-t, H9 part*; at 
16°, USpacUiand at 101°, B3 parts. Whence it is aean that at the boiling-point thiiialt 

ordinary tempBralorabecoidca turbid whan boiled. HangiknonaBalphate. being analogooi 
to magneaium anlphate, is decompowd, like the Utler, when igniled. but it doei not than 
Irave nanKinoua oiide, bot the inlermediele oiide. Un]0,. II gi*e> double tallt niUi 
Ibe alkali lulphateh With olootinium lulphale it tomia Una radialed oryatale, whoM 
WDIpoutiou leaaoiblai tli<it ot the alums -namely. MnAI.ISOj),, ltH.,0. This tall ia 
•Daily loluble in outer, and ocean in nalnro. 

Uaiganam cklonde, HCU. ciytUUim uilli 4 mol. H,0, lika the tartoat nalt, and 
oot witli mol, 11,0 like many kindred aalta — for eiainpTe. tlu»e ot oobalt, calcinm, and 
ma^eaium ; 100 parti o( water ditaolie 3a parti of Ihs uihydioua eall at If and 15, 
parte at B3°. Alcohol alao diflulfea manganous cbloHde, and the alcoholie tokatioA 
bam with a red Bamo. This tali, like magneainm chloride, readily lorau double lalti, 
A aalotioD Of bomli glvoa a dirty nxe-coloured precipilale haring the compoiitiaa 
>»H,(BOi)tH.O, whieb ii aied a> a drier in p*int>making. Polaiiinoi cyanide |ira- 
iueee a yellow iiJ>>grey precipitaU, MnC,N,, nithmanganonalelti, lolDblaia uicictiaot 
Uw reagent, a doable aalt, KiUnC^N,, eorreeponding with polimiDni ferrocranido, 
Mng tBrrned, Ou cvaporatlan of tbii eolution, a portion of tbe manganeae ii oiidltsd 
Md pncipluted, whilit a salt coneaponding to Omelin'* nd idl, X^HnC^, (m« 
CSiapUF XXU.I, reuiaini iu loluUori. Sulphuretted hydrogen does not preeiprUU 
aaltt at mangauaie, not ovaa Ui» a«Uto, but ammoniDin lulphide givL-i a fleah-cotosrsd 
pndpitaLe, S(nS ; Btai!a°tlus anlphideolnutnganeHpaaaesinloagmn variety (Antony). 
Oxilia add in atrong aolalioui ot RiangaiiDua lalu gii« a white pmoipltate of tha 
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the «)[c«f>ttim o( thft bet dut UtkXi u« ton ooltNred tad ■ 
iwHi Tfi > ta tbe [utaum ol ftduli*)^ ve witt not dv^ i^on tkgm, h 





B euhauU. Than 
fpumw of h^dngta inqBin* ■ p*** donitT, uid u no leagir n wilj oidii 
tur ttto tw obUined id i etrn>lliaa [oru. if dnriiig th* icahioa ot tba eutu 
hiftvf oi3dfl A U*^e of drTfaTdFT>rlikn-if >cid gub« f — d into tb« convat of hj 
ll !■ tlibi obtwBvd in IbB fonn ot Irvupuvat tmendd pcoB ewyt^M^M at lb* 
■nMo, ud a Iha lUt* i» ewly wlubl* in «id». 

HaaSBWHUOtidaiimidUijig pvntbo red oxidtofmanga^Jf^Mafi^ m*. 
^nl MaU* ol ill Um oiidd ot DunEuieH , it u nol onl]' (Mlila st (Im ' ~ 
■I B ld(h tMBpcntDn — Itut U. il doa not ibHrb or diaangiga 
WbiB ifutad, an Um hi)[bar oiidH ot muEuuK pui iiila it 

ida iij 4tnoibiiig oirgeo. Thii oiid* dota not gin ic 
Ff in jid1[^itnc mcid, fonaing ■ daik red ■olulion, vhjcl 
d Duif^uuc (dttfaa Diiit'-, Ma,0,| ulphklo. Tbt UtUt 

>D of the iDlcnncdiiiU oiida ia hI- 
■bsrto acid. aroliM oiti'd uid 1«t« a mtngueiu'ult vheo iliglii]} huled. 

VaxytfMM diomidi 1* •till leu buic than Iba oijda, ud diiengiigea oin«B oc > 
alB(aa ia tha prewoca ot acidi, tDrming manguioDi lalla, like the oiida. BowaTS, flit 
id ia atbar, and bydrocblorie acid gaa paaaed into tba miitare^ which la ]Hp4 
_ D Iha tonaation ol tetn-chknida of 
ig Kith tha dioiida *hicb [iMK> into lolaiian. Il to 
3la» lialDfl aiceadiDgijF aaailj doeompoaed «itU 
eUorim. Tha eoiratponding flnorida, MnF,. oUainvd by NidiUa U n 
M (Jl frimta, nuiuganaaa diolld* doe* noteihibit anj walldeSned buic chiractar, bat 
ka* nthat an add ohataclar, which J* partitolulj ifaown in tba compound! HnFt aad 
MnCt, juat manlumail. and m Uw prnparlj of mangiDeH dioiido of combining with 
alhalli. If tha bigber grade* nf oiidalloii of oianginaH ba deoiidiicd in tha |ir»g»M af 
alkalli, Iha; fraqnanllr gl*> <b« dioiida eonbinrd iritb the aJlcali— [or aumple, in tha 
praaano* of poUuh a compaand i* furmad •thieh ocmUlna KjO^UnO,, obich ahew* Uw 
math a*td ehanctar of thii aiida. Wb« IgnJtad In (ho praacDce ol lodium oonipoiuid* 
■aniHM. duiiida fcaqu.Dt); tonni »a,0,SUnO, and Ka,O,lilMii0« and liina whan 
haaknd >ith HnO, giitt from CaOjMnO, In (CaO^UnO, (RoQiteaii) according to Iha 
laBparatara. BiildM which, parhapa, UnO, ia a taltna componnd, eoiilaining 
KaOHaO, or (U aOiiUn^t. u>d than ar* riacliona which aappon auch a "icw tSprinf, 
Mabarda, Tnuba, and olban) . tor initanc* it la known Lbal niuiganoua cblotide ud 
ra Iha dloild* in Ih* frnMoco of alkali*. 
■nguioo* aalt* by 



oUoh ahlorio* ti 



hydroBld* at 
I. th* hjpociUuritA 



metal li 









I 



-- a imclpilaled ' iHnOftL, * C], 
- Unci, » «bO,.H,0 * 11,0. Owing U. Uil. fact, bjpoohlorilai in Ih. pnaanoa of alkali* 
ud uMU aald Whan addad (0 • wlaUoB of Bugaiwu aalta lira bxdnMd mangaaM* 
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limit ourselves to illuslraling the chemical charactor of maagaueae by 
dcKtibing the metal and its correEponding acida. The fact alone that 
the oxides of manguneee are noc reduced to the metal when ignited iu 
hydrogen (whilst the oxides of iron give metallic iron under thesa 
oircumstADCet), but only to mangaoous oxide, MoO, shows that 
manganese baa a coDsiderable affinity for oxygen— that is, it is diJBcult 
to feduce. This may be eOected, however, by means of charcoal or 
•odium at a very high temperature. A mixture o£ one o£ the oxides of 
niSknganeae with charcoal or organic matter gives hiaed metaUie nuzn- 
gmtat under the powerful heat developed by coke with ati artificial 
dr«aght. The metal was obtained for the first time in this manner by 
Oalin, after Pott, and more especially Scheele, had in the last century 
ahown the difference between the compounds of iron and manganese 
(they were previously regarded as being (he same). Mauganese is pre- 
pared by mixing ooe of its oxides in a finely -divided state with oil ahd 
aoot ; the resultant mass is then first ignited in order to decompose 
tike organic matl«r, and afturwards Ktrongly heated in a charcoal crucible. 
The manganiKie thus obtained, however, contains, as a rule, a consider- 
able MDOUnt of silicon and other impurities. Its specific gravity varies 
between 7'2 and 6*0. It has a light grey colour, a feebly metaUia 
loilr^ and although it is very hard it can be eoratolied by a file. It 
rapidly oxidises in air, being ooavcrted into a black oxide i water acta 
«n it with the evolution of liydrogea — this decomposition proceeds very 
r^iidly with boiling water, and it the metal contain carbon.'" 
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iUaU sIbo luTU muiguiegg dioiid* 
uiguiaus ind minguiic ulti of Uia 
of ft inuJL AniaDat ot acid ; bh« prae> 
higbei gndaa ol oitidiitioa ii givu ia 



•UkUi, vhea Uu; 
titti IMlbod a{ «u 
ChitiiUr II,. N«U ' 

* Olbfii dwmJiU h&vs obluDed muiganBn by diflsnut meUwds, ftod attnbnt«d 
ditforvat pn>i»irti« Vi It Tbu diff«raiicfl pEobkblj depeadi on the pnaebce of coiboB 
la diOSHDl plaportiaoa. DotiUc nbkuned aunguae b} iDhjsaliDg Um (mis diolida, 
uindirUh pan chuuw] Itrom biunt •ii;u'),loa(tnifi|be«lui klime enable until Uw 
nmltul umUI Imed. Tha lOBtol ebtuned bad ■ nxe tint, Ulu bimDlh, ud lik* ib 
via vary brilUe, frltbao^ eicaediD^ly hard. U dbcoui|K»ed witar at ~tba otdn^rj 
ttmpvikUira' Bruiuer obtaiofid ajujgaiiflu baviag aripedfio ffnvitjof aboftt 7^2. whicb 
dacoiDpnad water Terjr fufibly ^t tb« orduiary Uniponktiire, did ngL oxidiH in air, aod 
Ma CKpabta of ItikiDg a bright poliih, hlco tleal ; il bad Lhe gnj colour of out iron, inu 
ttrj britUe, and baid aoougb lo tcralf h aliwl aod glau. hka a diaiDDiid. Bmnoer'a 
■albod wti a* fatlowa . He decomposed lb* nuDgaotu BDoride (aUaimd lu a nlubl* 
«anpoand b; the action of hydrofluoric acid oa mangaimg eacbanal«) •rilb lodiam, hj 
OUsog IhrM BiibiilaDD» lac*lliei ia a ameibls and cDvanBg the miiitura with a laju of 
■all sod Boor >par , itllat which Lhe erncible waa Gnt gndoally healad uolii Lh« nKlioa 
tnnan. aDtl Uuii atrongly haatod in order la loac the ED*lal inpanlfd. OUltei (laaS) 
■bUiDad ii KCini. ul mangajoeu, baring a grey ooloiu and ap. gi. TSi, by bwliag a 
Biittua ut lUDgrmi. at UnCl, with 300 grmi. KCl and IS gna>. Ug to • bnghl vhiM 
lMat> Uoiuaa and Dtheii, by beating tha oiidea el maoguieae with cubos is Iba olaetlit 
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II hni b««n ktiown Above thnt if mangane&e dioxidp, 
lower oxi<l« of miui|{anetc, Iw heated wiih an nlkali ia 
■Ir, dw mixture nlnorbiiOKygen," and Forms unaikaliuemaiiganateofft 
gtwn ooloiiri '^KIIO-*-Mi>Oi4-0=K,Mn04-l-UiO. St^rani u. tliscn- 
fftf^ during lbs ignition of the mixture, and if this does not tain 
. |AtH thtr* l» no Abiorptloii of oxygna. The oxidation proceeds much 
MMfW npidly it, twfori! Igniting in air, pota^ium chlorate or nitre btt 
mVlwA to the mixture, and thia is tlie method of prepariog potatnun 
mannnnatr, K,MtiO,. The rc«u1tant mnu dissolved in a small qaantily 
of waier gliet e dark green nolulion, which, when evaporated under Um 
riKoiver of an Kir pump over tulphuric acid, deposits green cryctitkel 
axoclly the eume form on putuBiium ttulphnte — naiuely, six-sided prianM 
kiid pyrnniidi. The couipoiition of the pioduct is not changed by being 
rediuolviii], if perfectly pure water free from air and carbonic acid be 
taken. But in the prnenco of even very feeble acids the sulutiou of 
till* «alt changps iti colour and becomci red, and deposits manganese 
dioKide. The lame deooniposition takes pkco when the salt is heated 
with water, but when diluti^d with a large quantity of unboiled water 
ounganeee dioxide does not saparate, although the solution turns red. 
ThU change of colour depends on the foci that potassium nianganate, 
K|KnO„ whoM tolutiun l« green, is transformed into piilassium per- 
inenganate, KMnO,, whose solution i* of a red colour. The reaction 
{>roc«ediug under the inQuence of acids and a large quantity of water 

lanwa.gbUiiud eubldti alinkniLna«— Cot oiainpl^, HnjC—anil murVed IhM Uii nwUI 
vetntiliiw) in Ui* btsl ol tlM 'olulo uo. KsUlllo mungnnHo ii, liowcver, not prepirfd oa 
s Isil* wilf, t>ul only iM dloytwlth cirlwn (tli<]r nsijilf u<l niplAIr oildix) u>d/*rro. 
nanirawM or > eckiKly cryiUllini alloj ot iron, nMiigftniia sail carbon, which ts 
untlMd in bliut-riuniWH llli* l>lE-it°n (ua Ch^pltr XXII.J Th>> (errD-mnngsiMM is 
•inpl«j«d In tha niknututun of lUal by Benaiiiir'i uid atb« iinmnes |ica Cb^ln 
XXIL) snd (or tba msnutiietur* of mw|u>*M brooM. Honnver, in Amctien. OrMa taA 
W»hl (IMSJ obUin«d "Inioit par* miUllio nininneM on ■ l«g« tcsl*. Tlioj lifsl Inrt 
tiM or« oC UiiO, Willi ilO p.o. lolphDrio Mid (winch uilrxU »ll Iba oiidn ol jroa 
piHant in tba nte). i»d tb.n ha.t 11 in • reduoing fl»nio lo coovert >l into MnO, whlsh 
Utay niii with > pnwdar ol A1, lima uid CaPj (»• ■ Bai), snd iitat Uig ouiliiro In ■ 
crudblaliwd wilb magneiui ; ■ roMlion immcdintelj iskaaplua Ms«n«<n tcinpanlni*, 
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b expressed in the f»Ilowing maaner : 3K,UnO, 4 2H,0=2KMdO, 
-f MnO] + 4KH0. U there is a Inrge proportion of acid and the de- 
oompositioQ is aided by heat, the innngKoese dioxide and potassium 
permanganate are nUo decomposed, with formatioD of manganous nalt. 
Exactly the ume Uecooipoaition as takes place under the action of scids 
is also nvcomplished by magaesium atilphate, which reacts in many casea 
like an acid. When water holding atiaospheric oxygen in solutionacts 
on a iwlutioD at potassium manganate, the oxygen combinea directly 
with the miinganate and (orms potassium permanganate, without 
precipitating niangiinese dioxide, -'K,MnO, + + HjO= 2KMnO, 
+ 2KH0. Thus a solution ot potassium raangannte undergoes a. very 
characteristic change in colour and passes from green to red ; hence thii 
■alt received the name of chameleon tnineraf.'* 

Potamam permaitganate, KMnO,, ctystalliECS in well -formed, long 
rad prisms with *■ bright green metallic lustre. Is the arts the potash 
ta freifuoiitly replaced by soda, and by other alkaline bases, but no salt 
of permanganic acid crystallise so well as the potassium salt, and 
therefore tltts salt is exclusively used in chemical laboratories. One 
part of the crystaltice s&ltdissolvee in IS parts of water at the ordinary 
temperature. The solution is of a very deep reil eolmir, which is so 
intense that it is still clearly observable after being highly dilated with 
wBtcr. In a solid state it is deoomposed by hent, with evolution o^ 

*• It «* knom'to thn iJehiinust* bj tbia Darn*, but tli* tn» BiptukUoa ol lb* 
•hiDgs in coloot U das to tbe niwchn oI Chevillot, Edwudi, HitHhuliob, uid 
Fnrcbhunniai. The ch>ngB in calaur ol poUafinm ciuiguiata ii dus to it> tntta- 
tiAiXj imd U> it* vpUuing op intf> two olbst m^bguiflBa coEDpoEuidt. a higfacr *Dd » 
tDmr SMdOj- Mn.O; + MnOj, UiugiDe» iTioilds ii rully dacoinpoHd in (fail nuuter 
br thi ikt-tioB ol witar (xwliMt): SMnO, + U,0 - lUliHO,«MnOi, (Fruit»,ThoiT>«, 
wd Uumblf). Tlia iiuuhilitj at th« Hit l< proied bj th* fut ofiiib«iD| dwiidised b; 
Mgulc nittlcr, witb th< foramtioo of mang.maodioridB uid alluli.wilhat. tor loilanM, 



The method of pieptriog polonium permatigavai 
Dura »M miior leeipsB (or pt»p»nng Ihit ml»Un« 
^nutilin both tor l«chni(»l md libomtorj porpoaes, Bol in »11 tmm the Haenee ol 
one and the aame: ■ tnitlure o[ alkali with anj oiide o[ muEUeaa 
If bydroude, which may be ahuiood from manganoQi chloride) ia Erat 
le pmmce ot air or of an oildiaing labitancs (f« tbs aake ol rapiditT. wilh 
~ irate), Ihe reenltaol mat) ii then treated with whUt and healed, whea 
aiide la procipitated and potuamm pennaAguate remiulia ia aalntiaa. 
mar ba boiled, u the liigmd will contain tne alloUii but Iha aolntiOB 
o dr^Tieaa, becati« a Btrtn3 volutioa, mm well aa Ifao aoJid aalt, iA 
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oxygen, a residue consisting o( the lower oxides of tnangAaese' 
poutesium oxide beiDg left.'"''' A mixture of pernmngaTiata of potoa- 
siuin, ph09pnor0U3 and Eulphur takes fire when sti'Ucb or rubbed, a 
mixtur<i of the permanganate with carbon only takes fire when hcat«d, 
not when, struck. Tho instability of the salt is also seen in the fact 
that its solution is decomposed by peroxide of hydrogen, which ut the 
same time it decoi&poEes. A number of substaIlCI^s reduce potassium 
permangnnate to inanganese dioxide (in which cose tho red solution 
becomes colourless).^' Many organic substanct^ (althougli far from 
all, even when boiled in a solution of permanganate) act iu ibis manner, 
being oxidised at tho expense of a portion of its oxygen, Thus, a 
solution of sugar decomposes a cold solution of potassium permanganat«. 
In the presence of an excess of alkali, with a small quantity of sugar, 
the reduction leads to the fonrnttion of potassium nianganatc, because 
2KMnOi + 2KH0=0+ 2K,MnOi + H,0. With a considerable amount 
of sugar and a more prolonged action, the solutiou turnx brown and 
precipitates manganese dioxide or even oxide. In the oxidation of 
many organic bodies by an alkaline solution of KMnO, generally three- 
eighths of the oxygen in the salt are utilised for oxidation : 2KMn04 
= K,0 4-2MnO,i-03. A portion of the alkali liberated is retained by 
the manganese dioxide, and the other portion generally combines with 
the substance oxidised, because the latter most frequently gives an acid 
with an excess of alkali. A solution of potassium iodide acta in A 
similar manner, being converted into potassium iodate at the expense of 
tho three atoms of oxygoa disengaged by two molecules of potassium 
permanganate. 

In Uie preaenee of aei<U, polonium permanganate ncU na an oxldi$ing 
agent with still greater energy than in the presence of alkalis. At any 
rate, a greater proportion of oxygen is then available for oxidation, 
namely, not |, as in the presence of alkalis, but f{, because in tho Hrst 
instance manganese dioxide is formed, and in the second cose mangan- 
ous oxide, or rather the salt, MnXj, corresponding with it. Thus, for 

"''■ ThaKlaLlonotlhiiultvllhu eiceu of impure coramFrcii] ulliali genenlly 
ieqoit««gr«n«nt. 

» A ■nlnllgn of pntiu^ani pcnnimguiit* girei & boinUtDl ibtorption ipectniiii 
(Cbiptu XUI.I II Dm light Id puilQg Ihrongh Ihii (oluUcin lowt ■ pottion ol it> ciji 
In it (il one inij to aocount for 11], llil« ii p*rli*lly eipUincd by lh« ioeremed oiidiitllig 
power which Iha Hilulioo Uisn Kqniraa. Ws m«j h«» «liotem»rliOnl »aiidlijioliilion 
or pcimuigwiBlc dI poluaium lonm t colonrlni KlDtiao with nickel nlU. becnuia 
Um gRen catoni of tho Kiulion of niclul itlU ii oomplemeDUry In tho ivd. SDch • 
dsfAloriH^ w>]atiOD, conUining 4 Urge proporiion ol nickel u\A % tmuM proporltan of 
muigiuiHa, decoiDpOMi liter • LimB, thiowa iIdwd ■ prcclpiltte, bid n-uqnln* tba 
gncD oolonr prap"' lo H» nickel mil.. The iddltion of n ululion of ft coWl hIi [roM- 
red) lo the oickel oil liio dotioji the colonr nt both uIU. 
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insUnae, in the presence of an excess of sulphuric acid, the decom- 
potitioii is accomplished in Che following manner : 2EMiiO, + 3UiSO, 
=K,SO, + 2MnSO, + 3H,0 + 50. This decomposition, however, does 
not proceed directly ou mixing a solutiou of the salt with sulphuria 
kcid, &nd crysUls of the salt even dissolve in oil of vitriol without the 
evolution of oocjgon, and this solution only decomposes by degrees att«r 
k Mrttin time. This is due to the fact that sulphuric acid liberates 
free perroftnganic acid from the permangtiuate," which acid is stable 
in aolution. But if, in the presence of acid^ and k permanganate, there 

** U •nlphgric scid ia lUond to wtb on pobmium piinauiguii.ta without no; ipacltl 
|no«]biaai, a Urge ■moiut of orr^n a eTclved (it miij oven etptode and inAHnic), and 
a Tiolfli Mfinj ot the deeompcMiiig pflnohngHiuo Held ii giveo oO- But if thfi pnro salt 
fi-t. bM iraat chlorine) ba diHolred la giOre welt-oooled nilphuric uud, without 
as; lit in tampentnni, ■ gneo'saloaMd liquid HttU* tt tbe bottom of the ve»sl. 
Tfal* liquid doai not contain uiy luLpbaric uid. ud ooDtitt* of penuuiguijc BDhi^Jrida, 
ltn,Ot (Aichatf, TcnEiL|. II ii impouible to pnpua uj couiidenbte qnutit; of Iha 

Oirgan ud Inving m) oiida at miDguiaK, Pemanfani« un/ii/drijt. Uu-fi,, in 
dlwlTing ID nilphuiicuidigiisaigrseDHlDlian, which lucording lo Fnnke, lSSI)ooa- 
laiu ■ ootnpoimd If n,SO,, '^ lUnOjj.SOt— tktl ii. lulphuric icid in whiph both bfdio- 
(«> us npUced br tbo group UnO^ whii^h is combined with OK in permuguui ol 
potawinm Tbia miitim with > bdwU ijunntitj ot WKtcr giirei Mn.,07, UHordiog to lh« 
•qution: (HnO,>,SO, + H,0 - H,3O, + Un|0,, and whan hMlnd li> S0° It giTH man- 
ganm iTioxtde. (HnO,|,BO, t- R^O - aMnO,*H,SO4 + 0. Fum muignneH triolidi ia 
obtaisad if tlia folntion of (UaOjJ^SO^ lie pound indrupsnn tobo^iumcubonala. Tfaan, 
togathar with carbonia aubjdnde, a ipn-y of maDguiau tnouda |iaBAe« ovar, which 
ma; ba ooUectad in a weL-oooled receiver, tad lhl> ihowt that tbe reaction procaada 
•aaocdins lo the eqnMion . (MnOjhSO, ■ Na.COj = NitjSO, >■ aMnOj - CO, + O (TJiorpo), 
The teioilda ia dKompmed b; watar, forming nuinganaH dioiidn and a KituliDB ol 
femaHganie acii: S]dnOj*B.O - UnOj-raHHuO,, Tha lama acid ii obtained by 
dlaaolTing parmanganic anhid/ida in water. 

Barinm parmnjiganata when Ircatad with lulphurie aoid eiv« Iha aame acid. Tb<( 
barinm tail mi.; be prepared b; the action ot barium chEorido on the difficultly KtlobJI 
direr permanganate, AgMnO,. which ii pTBripiIaled on mixing a ilrong Klntion of tb« 
potaaUom lalt with lOver nitrate. Tha aolution ol permaniianio acid formi a bright red 
llqoid which rafleeta a daih violet tint. A dilute amotion baa auctl; the tame colour 
aa that of the potaasinm Hit. Ildepoilt* raanganeaa dieiida when expoeed totheactioa 
of light, and alH when heated abore 60°, and tbia proeeeda the more rapidlf the mora 
dilnla tha aolution. II ahowa Ita oiidiiiog propartiei in maiiy caaei, at tJraadf 
nMstionad. Eren hydrogen gae ia abaorbcd bj a eolation of permanganio acid; and 
diBimal and aotpbar are alio uiidiaed by it, a* thej ara by petaaiiam pelmangviale. 
Tbia maj ba lahen adiasUge of in analygiDe gunpawder, becanee when it it Irettad 
irlth a tolntion of pottatiopi pBrmanganatt, til tbe aulphnr it converted into iDlphuria 
■dd and all Ihs diarooal into carbonic anhydride. Piuelj-diTided ptatuimn immediitelj 
dacompotaa permanganie acid. With potattium iodide it iibarttaa iodine (which may 
attarwarda ba oiidiied into iodic xfid) (HltKherlich, Fromhen, Atcholl, and othon). 
AmnkoOia doaa not form a eorraaponding ult with fraa peruanganie add, beeaitt* U Is 
OiSdited with ernlntiou of nitrogen. The oxiditing action of peimaBgasis aaid Id • 
ilfnig aolution may be tccompiuiied by Bame and the torrnatioB of violat fnmu ot 
parmanganic acid ; thua a alrong aolution of it takei Are whan brought Into eontaot wilb 
paper, aknbol. alkaline iu]|Aide<. fila, He. 

W* OAi add (hat. acDordlng to Frulia. t part ot potaaiiom pcrmanguiate with t) 
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is a substance capable of absorbing oxygen — for instance, capable o€ 
passing into a higher grade of oxidation — then the reduction of the 
permanganic acid into manganous oxides sometimes proceeds direcUj 
at the ordinary temperature. This reduction is very clearly seen, 
because the solutions of potassium permanganate are red whilst the 
manganous salts are almost colourless. Thus, for instance, nitrous acid 
and its salts are converted into nitric acid and decolorise the acid solution 
of the permanganate. Sulphurous anhydride and its salts immediately 
decolorise potassium permanganate, forming sulphuric acid. Ferrous 
salts, and in general salts of lower grades of oxidation capable of being 
oxidised in solution, act in exactly the same manner. Sulphuretted 
hydrogen is also oxidised to sulphuric acid ; even mercury is oxidised 
at the expense of permanganic acid, and decolonses its solution, being 
converted into mercuric oxide. Moreover, the end point of these reactions 
may easily be seen, and therefore, having first determined the amount 
of active oxygen in one volume of a solution of potassium permanganate, 
and knowing how many volumes are required to effect a given oxidation, 
it is easy to determine the amount of an oxidisable substance in a 
solution from the amount of permanganate expended (Marguerite's 
method). 

The oxidising action of KMn04, li^® ^^1 other chemical reactions, 
is not accomplished instantaneously, but only gradually. And, as the 
course of the reaction is here easily followed by determining the amount 
of salt unchanged in a sample taken at a given moment,^^ the oxidising 
reaction of potassium permanganate, in an acid liquid, was employed by 
Harcourt and Esson (18G5) as one of the first cases for the investigation 
of the laws of the rate of chemical chanye"^^ as a subject of great impoi*t- 
ance in chemical mechanics. In their experiments they took oxalic acid,* 

p&rls of sulphuric acid at IW gives brown crystals of the aalt Mn.2(S04)3,H2S04,4H^O, 
which gives a precipitate of liydrated manganese dioxide, H-^MnOj ■» MnO.jH^O, when 
treated with water. 

Spring, by precipitating potassinm pennangiuiate with sodium sulphite and washing 
the precipitate by decantation, obtained a soluble colloidal manganese oxide, whose 
composition was the mean between Mn.^O-, and MnO^— namely, Mn.^O^,4(MnOjH-^0). 

^ For rapid and accurate determinations of this kind, advantage is taken of thoM 
methods of chemical onalysis which are known as ' titrations '(volumetric analysis), and 
consist in measuring the volume of solutionwof known strength required for the complete 
conversion of a given substance. Details resi^ectinp the theory and practice of titration, 
in which potassium pcnnan(.Mnate is vei-y frequently employed, must be looked for in 
works on analytical chemistry. 

^ The meusurements of >elocity and acceleration serve for determining the measure 
of forces in mi*chanic>, but in that case the vclot ities are magnitudes of length or paths 
l«&ssGd over in a unit of time. The velocity of ch«.-mical change embodies a conce])tion of 
qaite another kind. In the first place, the vehKitieH of reactions are magnitudes of the 
mosses which liave entered into ciicmioal transformations ; in the second place, theoo 
▼elooities can onlv be relative auoutitico. Hence the conceotion of * veUiciiv ' hoaauitea 
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C,H,0,, which in oxidising gives carbonio atiiii^dride, whilst, with 
an excess of sulphuric fteid, the potassiym permniignnaU is converted 
into nianganous sulphate, MnSO,, 90 that Ihfi uHiinute oxidation 
will l>e expressed by the equation: 50,H,O, + 2MnKO, + 3HjSO, 
= 10CO, + K,SO, + 2MnSO, + SH,O. The influence of the relnlive 
amount of sulphuric acid is seen from the annexed table, which gives 
the oiPiisure of reaction p per 100 parts of potassium permangftiinte, 
taken tour minutea after mixing, using n molecules of Bulphuric acid, 
H,SO„ per 2KMnO, + 5C,HA 



p =23 



16 



sliowing that in a given time (4 minutes) the oxidntion is the more 
perfect the grenterthe amount of sulphuric acid taken [or given amounts 
of RMnO, and C,H,Oi. It is obvious also that the tuinperature And 
reUtive amount o[ every one of the acting and resulting Gubstnnces 
should show its influence on the relative velocity of ifaction ; thus, for 
instance, direct experiment showed the influence of the admixture 
of msnganous sulphate. When a large proportion of oxalic acid (108 
molecules) was taken to a. large mass of water and to 2 molecules of 
permnnganatn 14 molecules of wanganous sulphate were added, tho 
quantity x of the potassium permanganate acted on (in percentages 
of the potassium permanganate taken) in t minutea (at 16°) was as 
follows : 
( = 2 5 8 II 14 44 47 53 61 68 
x= S'2 12a 1S7 251 31-3 68'4 71-7 75-8 798 83'0 

Tlieae 6gures show that the rate of reaction — that is, the quantity of 
permanganate changed in one minute— decreases proportionally to the 
decrease in the amount of unchanged potassium permanganate. At thi 

aiBininl mcBning in cfavmiilry (rom whst itliuinmechunics. Theiconlf common tutoc 
□f tioia BJid dx the qDaptitj of b mbilanca changed In 
n Uio [ruUon (or qootieul) rfx.'dl oiU Mprtii the nti of lh« 
tobolli bjUircourt sodEBMn, ind proviooily lo 
g»lrf Lhe nto of oonvenion, or inveriioii, ol ■ugir 
ill lU pMHer into g]OHi»). coniinti in wtibliihing IhiLt Ihig velocilj i> pro|»rliona] ta 
ttw qouititT of IDlistaiicH still anchuiged— i.e. Ihit (fi.'iJt-C(A-(], whnra C ia ■ 
•oniluit eoerBoienl of protxirtiaMlilj, uid wben A ia the quDUt]' of • tubituico l>k«D 
Im nution at the niomciit ohen 1-0 aod r-O— Uiat Ia, at the b«|pnniiig of II10 
cxperiincnt. fTom which the time I and quantily c of inblUnce ehangud ii coaoled. 
On inU-Emline lh« pmceding Ainatimi ne olitain lag(A/A - z) ^ kt, when A ia a or* 
CODiUnl, if we take ocdiiiarj land nnt nalonl) logarithmii. Bcnco, knowing A, jr, and I, 

a(um eiud in Iha tcil far Ihu naction lSMuO,-)'iaBC,H,0,'f ItUnSO,, it may b« 
cakutaM that tsDDlIli [orowmpUs, (-<«. "!»'« (A-lOO), »hencD it^D-DOOl and 
t-O-Otll, (»f (t(M Chapter XIV., Not* S, and Chaptei XXVIL, Note SS bit). 
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commenoement^ about 2*6. per cent, of the salt taken was deoomixMed in 
the course of one minute, whilst after an hour the rate was about 
0*5 per cent. The same phenomena are observed in every case which 
has been investigated, and this branch of theoretical or physical 
chemistry, now studied by many,^ promises to explain the course of 
chemical transformations from a fresh point of view, which is closely 
allied to the doctrine of affinity, because the rate of reaction, without 
doubt, is connected with the magnitude of the affinities acting between 
the reacting substances. 

'' The researches made by Hood, Van't Hoff, Ostwald, Warder, Menscbotkin, Kono* 
valoff, and others have a particular significanoe in this direction. Owing to the com* 
parative novelty of this subject, and the absence of applicable as well as indubitable 
deductions, I consider it impossible to enter into this proTinde of theoretical chemistry, 
although I am quite confident that its deyelopment should lead to very important results, 
especially in respect to chemical equilibria, for Van't Hoff has already shown that 
the limit of reaction in reversible reactions is determined by the attainment of eqoil 
▼elocitiet for the opposite rwafttioin. 




CHAPTER XXn 

IRON, COBALT, AND HICKBL 

JnDCiHO from tW atomic weights, and tbe forms of the higher oxido 
of the elements already considered, it is easy to fonn an idea of 
the Hven groups of the periodic eyatem. Such are, for instance, tha 
topical series Li, Be, B, C, N, 0, F, or the third series, Na, Mg, Al, 8i, 
P, S, CI. Tbe seven usual t^pesof oxides from R,0 to R^O, correspond 
with them (Chapter XV,) The position of tbe eighth group is quite 
eeptirate, and is detertuined by the fact that, as we have already seen, 
in each group of metals hai-ing a greater atomic weight than potassium 
». distinction ought to be made between the elements of the even and 
uneven seriesA The series of even elements, commencing with a 
nrikingl; alkaline element (potassium, rubidium, casium), together with 
the naeven series following it, and concluding with a haloid (chlorine, 
bromine, iodine), forms a targe period, the properties of whose members 
npeat theniselTcs in other similar periods. The elements of the eighth 
group are situated between the elements of the even series and the ele- 
ments of tbe uneven series following tbem. And for this reason elements 
of the eighth group are fo^ind in the middle of each largu period. The 
properties of the elements belonging to it, in muny respects independent 
and striking, are shown with typical clearness in the cusc of iron, the 
welt-hnown representative of this group. 

Ircm is one of those elements which are not only widely diffused in 
the crust of the earth, but also throughout the entire universe, tta 
oxides and their various compounds are found in the most diverse 

ritiobs of tbe earth's cruse ; hut here iron is always found combined 
3 other element. Iron ia not found on the earth's surface in 
b free 8tat«, because it easily oxidises under the action of air. It i» 
uionaliy found in the native state in meteorites, or aerolites, which 

U npou the earth. 
Jtfefeoric iron ia formed outside the earth.' Meteorilesare fragments 
JirUch are carried round the sun in orlits, and fall upon the earth 
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when coming into proximity with it daring their motion in space. The 
meteoric dust, on passing through the upper parts of the atmosphere^ 
and becoming incandescent from friction with the gases, produces that 
phenomenon which is familiar under the name of falling stars.* Such is 

* Comets and the rings of Satam ought now to h^ considered m oonsisUng of aa 
Accnmol&tion of such meteoric cosmic particles. Perhaps the part played by theae 
minute bodies scattered throoghoat space is mach more important in the formation 
of the largest celestial bodies than has hitherto bean imagined. The investigation of 
this branch of astronomy, due to Schiaparelli, haa a bearing on the whole of natural 
ecience. 

The question arises as to why the iron in meteorites is in a free state, whilst on earth 
it is in a state of combination. Does not this tend to show that the condition of our 
globe is very different from that of the rest ? My answer to this question hat beea 
already given in Volume I. p. 877, Note 57. It is my opinion that inside the earth thert 
is a mass similar in composition to meteorites — that is, containing rocky matter and 
metallic iron, partly carburetted. In conclusion, I consider it will not be out of plaoa 
to add the following explanations. According to the theory of the distribution of pT«t* 
aures (sae my treatise, On Barometrical Levelling^ 1616, pages 48 et seq.) in an atmo> 
sphere of mixed gases, it follows that two gases, whose densities are d and <f |, and whoae 
relative quantities or partial pressures at a certain distance from the centre of gravity 
jure h and Ai, will, when at a greater distance from the centre of attraction, present a 
<lifferent ratio of their masses x : Xf— that is, of their partial pressures— which may be 
found by the equation dy{\ng A-log x) = rf(log/ii-log Xi). If, for instance, d:di'=2:l^ 
and h = hi (that is to say, the masBcs are equal at the lower height) = 1000, then when 
jc^lO the magnitude of X| will not be 10 {i.e. the mass of a gas at a higher level whoM 
density "l will not bo equal to the mass of a gas whose density =2, as was the case at 
a lower level), but much greater— namely, x, = 100 — that is, the lighter gas will prtt* 
dominate over a heavier one at a higher level. Therefore, when the whole mass of the 
earth was in a state of vapour, the substances having a gpreater vapour density accumu- 
lated about the centre and those with a lesser vapour density at the surface. And «• 
the vapour densities depend on the atomic and molecular weights, those subntances which 
liave small atomic and molecular weights ought to have accumulated at the surface, and 
those with high atomic and molecular weights, which are the least volatile and the easiest 
to condense, at the centre. Thus it becomes apparent why such light elementa M 
liydrogen, carbon, nitrogen, oxygen, sodium, magnesium, aluminium, silicon, phosphonUt 
•sulphur, chlorine, potassium, calcium, and their compounds predominate at the surface 
.and largely form the earth's crust. There is also now mnch iron in the Kun, as spectrum 
•Jialysis shows, and therefore it must have entered into the composition of the earth 
And other plaucls, but would have accumulated at the centre, because the density of 
its vapour in certainly largo and it easily condcnoes. There was also oxygen near the 
centre of the earth, but not sufficient to combine with Uie iron. Tho former, as a mnch 
lighter element, principally accumulated at the surface, where we at the present time 
find all oxidiHo<l C4»nix>uuds and oven a remnant of frt>c oxygon. This gives the 
possibility not only of explaining in accordance with cosmogonic theories tho pro- 
dominance of oxygon compounds on tho surface of the earth, with the occurrence of 
unoxidis<>d iron in the interior of the earth and in meti'ont4's, but also of understanding 
why the denfiity of the whol«» earth (over 5) is far greaU-r than tliat of the ro« kn 1 1 to 3) 
composing its crubt. And if all the preceding .'irgununt , .nd tlu-uries (for instnnco 
the suppobition tliat the sun. «ar*h, and all tho planeU wore fonu.Hi of an elementary 
homogeneous niasH f(>nnc<^rly ouurosol of vapours and gae>«>iii be truu, it must be tUi* 
mitted that tho inUrior of the oartli a-id »thi'r pUnots conlainKinrtallic (uuoxidi-.cd) iron, 
which, however, is i»nly fou id <>n t \f. surface an aerohltj. And then assuming that 
aerolites are the fragments of pi. netit which havo crumbled to pieces so to say 
.during cooling (this has been held to be the case by astroaomers, judging from the paths 
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tlie doctrine concerning meteorites, and therefore the tacl of their 
containing rocky (Hiliceous) rnaUer and nietullic iron shows that outtido 
the earth the elements and their oggresation are in some degree the 
same us upon the earth itself. 

The mast widely ditfuscd terrestrin) compound of iion is iron 
bisulphide, FeSj, or iron pyrila, It occurs ia formaliona ol both 
a<)ueous and igneous origin, and sometioicE in enormous masses. It is 
■ substance having a greyish -yellow colour, with a metiiUic lustre, and a 
tpecific gravity of 50 ; it crystallises in the regulan system."^ 

The oxides are the principal ores used for producing metallic iron. 
The majority of the ores contain ferric oxide, Fe,Oj, either in a 
free state or conibined with water, or else in cotnbinntion with ferrous 
oxide, FeO The species and varieties of iron ores are numerous and 
diverse. Ferric oxide in a separate form appears sometimes as crystals 
of the rhombohedric system, having a metallic lustre and greyish steel 
colour ; they are brittle, and form a red powder, spcci6c gravity about 
5'25. Ferric oxide in type of oxidation and properties resembles 
alumina ; it is, however, although with difficulty, soluble in acids even 
when anhydrous. The crystalline oxide bears the name of fpeeuhr 
iron ore, but ferric oxide most often occurs in a non-crystalline form, 
in masses hai'ing a red fracture, and is then known as nd hetmatite. 
In this form, however, it ia rather a rare ore, and is principally found 
in veins. The hydrates of ferric oxide, ferric hydroxides,* are roost 

of «eroTll*«). it ii mi\\y undfnlood why lliey ihouJd be composed of metaflio 
lion, uid thii would fipldn iti ocLunmcs in lta« dcpthi of Ihc earth, which w« 
■Homtd 1* Uia buii ol oai thiotj ol Ute lonnutkiii ol ni.phlhft (Chuptcr VIII., Nolot 
ST- SO). 

'■■'■ ImmcnH depotit) of inn pyrit«9 in known In varioui porli ol Ruisi*. On Ihs 
tiTgr Htln, nesr Borovitti, Ihouundi ol torn ire yni.t\y colleclcd tiara Ihe d«tntni of 
Ih* iKighbouting rixki. InlheOovemiaenUolTouIi, Riuui.indin ihe DoneU diiirict 

■ra alio known in ininy purlB dI the Cbucuqi. Bd( the depoiili of the tlr&ls art pu. 
licalu'l; nut, and hite been worhed lor ■ long lime. AmongU Ihew I will only indlcal* 
Iba depoait* on ItM Sormcniln' «Uta near tha KiihUlmiikj works; tba Hdelineky 
depuita neat tha Viihnyluttky worlii (containing 1-1 p.c. Cu|; on tha bantu of th« 
river Kouihiuvi near Koushu (S-S p.o. Cu), and the dnpotita near Ihe Boeoilovikj 
vorka (3-& p.c Cu). Iron pyritaa [aapecialtj that oontaiaing copper which la citracted 
afWi Touting) it now chiefly emplaned for roasting, w * aoamt of SO, foe the manutac- 
lore ol chamber lulphuric acid (Vol.1, p. 191), bnl the remaining oxide of iron ii per- 
leitl; lullabta for cmelting into pig iron, slthough it givea a luJphuroui pig i»a (tha 
Ulfhor me; ba ruiUy removed by aubaeqncnt IrealnieDl, tBpcciallf with the aid ol 
rerro-mangineso in Beascmer's proceBsJ. The great technics imiKntiince of iron pyntea 
kada to 111 KnneliBiei being imported Iron gnat distancsa; lor iaslsncc, mta Engliuul 
bom Spain. Biiidi* which, when hcEtod in ctowd ratoita FtS, giTsa tulphar, and if 

• Tha hydrOad larric oiide ii lound in naiaie In a dual lorn It la aomewbal nnlj 
DM with in the latiD of a cryilalline mineral colled gOthilt, ahoia ipeciflc gravity ii M 
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often found in aqueous or stratifieS formstiODB, and A.re known i 
brown hitmatita ; thej genernlly haveabrown colour, formayellowuh- 
brovn powder, and have no meUllic luslre but an earthy appearance. 
They easily diBiolve in acids and diffuse through other formstioas, espe- 
cially clays (for instance, ochre) ; they Bometimes occor in raoiform and 
Himilar maases, evidently of aqueous firigin. Such are, for iostance, 
the so-called hog or lake and pent ores found at the bottom of mamhes 
and lakes, and also under and in peat bods. This oi-e is formed from 
waler'contalning ferrous carbonate in solution, which, after absorbing 
oxygen, deposits ferric hydroxide. In rivers aad springs, iron is found 
in solution as ferrous carbonate through the agency of carbonio 
acid : hence the eitisten'-B of chalybeate springs containing FaCO,. 
This ferrous carbonate, or si^eriu, is either found as a non-crystalliaa 
product of evidently aqueous origin, or as a crystiilline spar called 
tpothie iron ore. The reniform deposits of the former are most re- 
markable ; they are cnllcd spherosideritos, and sometimes form whole 
Strata in the Jurassic and carboniferous formations. Mixgnetia 
iron ore, FejO, = FeO,Fe,0„ in virtue of ita purity and practical 
uses, is a very important ore ; it is a compound of the ferrous and 
ferric oxides, is naturally magnetic, has a speciflc gravity of 5-1, 
crystnlliscs in well -formed crystals of the regular system, is with di6G- 
«uUy soluble in acids, anil sometiraes forms enormous masses, as, for 
instance, Mount Blagodat in the Ural., However, in most cases^ — for 
instance, at Korsnk-Mogila (to the north of Berdiansk and Nogaiska, 
near the Sea of Ajov), or at Krivoi Bog (to the west of Ekaterinoslav) — 
the magnetic iron ore is mixed with other iron ores. In the Urals, tha 
Caucasus (without mentioning Siberia), and in the districts adjoining th« 
basin of the Don, Russia possesses the richest iron ores in the world. 
To the south of Moscow, in the Oovemments of Toula and Nijni- 
novgorod, in the Otonetz dietrict, and in the Government of Orloffaky 
(near Zinovief in the district of Kromsky), and in many other places, 
there are likewise abundant supplies of iron ores amtingst tbedeposited 
aqueous formations ; the siderite of OrloSsky, for instance, is dis- 
tinguished by its great purity.* 
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Tron is Also fottnd in the Corni of various other compoauiiB — for 

Inataace, Id certoin silicates, luid a.]fo in some phosphates ; but these 
forms are comparativelj rare in nature in a, pure state, and have not 
the industrial importaacu of Uxne natural compounda of iroQ pre- 
viously mentioned. In Email quantities iron enters into the composi- 
tion of every kind of toil and all rocky formations. As ferrous oxide, 
FeO, is isomorphous with magnesia, and ferric oxide, FejO,, with 
■luniina, iaomorphous substitution is possible here, and hence minenJl 
Bra not unfrequently found in which the quantity of iron varies con' 
Biderably ; such, for instance, are pyroxene, smphibole, certain varieties 
of miciL, &c. Although much iron oxide is deleterious to the growth of 
vegetation, still plants do not flourish without iron ; it enters as an 
indispeniiable component into the compOBition of at) higher orjjanisnui ; 
in the ash of plants we always iind more or less of its compounds. It 
tlso occurs in blood, and forius one of the colouring matters in it ; 
lOOpartsof the blood of the highest organisms contain about 0'05 of iron. 
The redurtimi of the ores of iron into metallic iron is in prin- 
(dple very simple, because when the oxides of iron are strongly heated 
with charcoal, hydrogen, carbonic oxide, and other reducing agents,' 
they easily give metallic iron. But the matter is rendered more 

ffavBl Hrtbig •ppmtDS (generpllj adiiig with Vhtor to wuh Iha on), uid i« nbjeetad 
Id nailing utd other troAtmenc. lu t^vflry of^e the on coptuni fotciga mAttflr. lb tb* 

CMM UDtHiiBUble, Knd nnlf orei lich in inet*l ite worlied — namely, Ihota oantiiDing iX 

It p«. ol inn) Irom long diitancci. Th( dctiilt oonefming the working uid eitnctioD 
d mttaJa wiU be found in apeDiml tre&tlKB on TOflt^lorgr and mining- 

> Th> ndoclioD oi iron oiide* b; hydrogen telongi to th> ordfr of [ercnible »- 
Mtiont (Chapter tL). and it Ihetelon deleiminad b; a limit which it h«re eiprened 

onidd. and hb in the caie whrre (at the uma temperalare] wxlec ii dmampoHd bj 
melallie inn. Thecalculatioiu tefgrringlotliiiiiUitler wsre mad* by Henri Sunts-Clain 
Derilk |1870|. Spoiig; iron wai placed in a tube having a Ismpentnrs f , one end of 

and the other tad irith a mercacj pump and preiiors gaBga which determined tha 
liloiting t«n»ioD attained by the drj by dtogen p liubtracting the tenaioo o! tho wat«T 
lapoD from the teniion obeerred). 4 tube wni ihsn taken containing an eiceii ol iron 
oidda. It wai Blled with hrdrogen, and the tentieu j>, obeerred ol tlu reiidnal hjdrogtn 
vtwn the water waa eoiideiued at 0°. 
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difficult b7 the fact that the iron does not melt at the heat developed 
by the combustion of the charcoal, and therefore it does not sepAmta 
from those mechanically mixed impuriticB which are found in the iron 
ore. This is obviated by the following very remarkable property of 
iron : at a high lempernture it is capable of combining with a small 
quantity (from 3 to 5 p.c ) of carbon, and then forma catt iron, which 
easily melts in the heat developed by the combustion of charcoal in air. 
For this reason metallic iron is not obtained directly from the ore, but 
is only formed after the further treatment of the cost iron j the first 
product extracted from the ore being cast iron. The fused maaa dis- 
poses itself in the furnace below the slag — that is, the impurities of the 
ore fused by the heat of the furnace. If these impurities did not fuse 
they would block up the furnace in which the ore was being smelted. 
And the continuous smelting of the cost iron ivould not be possible ;* 
it would be necessary periodically to cool the furnace and heat it up 
again, which means a wasteful expenditure of fuel, and hence in the 
production of cast iron, the object in view is to obtain all the earthy 
impurities of the ore in the shape of a fused mass or slag. Only 
I does the ore itself form a mass which fuses at the 
temperature employed, and these coses are objectionable if much iron 
oxide is carried away in the slag. The impurities of the ores most 
often consist of certain mixtures — for Instance, a mixture of clay And 
•and, or a laixture of limestone and chty. or quartx, die. These 

pIKiplliLlsd fvmc oiids ii redoco! b; bydrogsD at BS°, Umb obtruDvd by oiidliing lb* 
Drtrom it> oilntesl 176°; [b) when oilier conditions &re tha ume tbe nduotEoa 
bj eubonia oiide ccnunraGei aulier Ihui UiiU bj hrdrogeo. ud the tsductioD by 
bjdngflD itUl vorLin thao tliat bj cbaicoal; ic) th« KdocliOD {% oJTect«d with gnatar 
flicilitj vrhfiD ■ gnfttor quuitLty dI beat ia evolved do^g the reaction. Feme coidB 
obtained bj heating ferroui aolphale (o a red best begini to be redoced by cutwnia 
oxide at m°, hj faydrogaa at 360°, b; obvcoal at (S0°, whitat [or magnDtin oiida, FajO^ 
~ uid tlW reapectimly. 
' Tha primitive mcthodi of iron nuDDlactiuo were oondncted hj iatenoittant pro- 
'i> reaembling iRiitha' firo. A> eiideoced bf the uniatermpted actico 
ol the •tcui boitor. or the proccil of limo bnrDiog, and the conlinuouB prepantion ukl 
■nlphoria acid or the onintemiptvd amelling of iron, every indnatrlal 
ungly profltabte and eompteto Qadn' Hut coDdilion of the eoD- 
)a, A4 far aa poaaibta, of all agenriei coneerDad in the prodootion. This 
nalhod of prodoction ii the Snt oonditioB (or the pmfltablg ptDdnatioB 
on the large (cala of nearly all induitrial predncts. Thia nwl^d laaaana the ooat ol 
laboDT, aimplifiea the wperviuon of the work, nndenlh* pTDdad onilonn, and trs- 
qoSDlly inlrDdoFua verygmteronBiBjr in tliaaipeiiditinoot foelandat UMWina tinw 
Dti the ainiplicili and peifection of an eqnilibrttcd •jatom. Hanea every mann- 
faMnnng operation ihould be a eontinuoaa one, aud the tnanulKlBro of pig iron and 
■nlpfaiirie arid, which have loog iinca bomnie bd, may be taken at eiamplea m maojf 
ete. A atady of thcH two nuiuFactarca ihoold tonn the ummenaunont of aa 
LinUaeo with all the nntempomy metboda of inaiiDfaaDnjig bolb tnin a leob- 
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imporities do not separate of themselves, or do not f lUe. The difficult 
of the industiT' li^ ia formliig bj> easily- fusible sl&g, into which the 
whole of the foreign matter of the ore would pans and flow down to the 
bottom of the fum&ce above the heavier cast iroD. This ia effected by 
minng certaia jhtxet with the ore and cb&rcool. A flux is a substance 
which, vhen mixed with the foreign matter of the ore, forms a fiuible 
vitreotu mass or slag. The flux used for silica is limestone with ckj ; 
for limestone a definite quantity of silica is used, the best procedure 
hftving been arrived at by experiment and b; long practice in iroa 
smelting and other meisllurgicaj processes.' 

Thus the following materials have to be introduced into the fumaee 
where the smelting of the iron ore is carried on : (1) the iron ore, 
composed of oxide of iron and foreign matter ; (2) the flux required to 
form a fusible slag with the foreign matter ; (3) the carbon which ia 
necessary (a) for reducing, (6) for combining with the reduced iron 
to form cast iron, (c) principally for the purpose of combustioQ and 
the heat generated thereby, necessary not only for reducing the iron 
and transforming it into cast iron, bat also for melting the stag, as well 
OS the cast iron — and (4) the air necessary for the combustion of the 
charcoal. The air is introduced after a preparatory heating in order to 
economise fuel and to obtain the highest temperature. The air is 
forced in under pressure by means of a special blast arrangement. 
This permits of an exs^t regulation of the heat and rate of smelting. 
All these compocent parts necessary for the smelting of iron must be 
Mintained in a vertical, that is, thaft furnace, which at the base must 
have a receptacle for the accumulation of theslagond cast iron formed, 
in order that the operation may proceed without interruption. The 
walls of Buob n funieMse ought to be built of fireproof materials if it be 

' Tbv compoution of iU^ auitAble far ifon siofllLiii; moat often appro«ah«t th« 
lolloiiiiig: eOUtOO p,e. SiCI,,S to 10 AI,Oi, tfae rest of lbs mua coniiitiiig al UgO, 
CiO, UnO, FeO, Tlina the moM fuiibte al>« (uaatding M the dburvUiani of 
Bddsmui) CDDtaiiu Uu iJlo; jU,Oi.«CB0,TSiO,. Od •Jtehag the qiuntitf of nK^Deau 
sad lim*, ud upsciiUj ol Uis nJkiilii (which ioonuu uia fnaibility) and af< liUoa 
{<lUeh doonue* il), tha tempsnUiue at tuiion chugei with (be ralsliau belwemi the lata] 
foaatitj of airgmi uid thst io the >iti». Sli^i df Iho coiDp(»itioiilBO,SJO, ue euitj 
fniibJA, hitvB ft vitreous tppearaDce, uid uv very coraman- Bftiia aleci iippra&ch the 
mBpolitisii aBO.BiOr Hcace, Imoving the compoulioD uid qnutitj of tho foiei^ 
nsMv in th« otq, it u at oace ek^y to find Iba quuitity uid quality of the fli^ which 
rnmS be Added la fonn 4 imtablo al^g. The unelting of LnBi le rendered more c<nnpleJi 
by Uk* bet (but Iha liliu, SiO^ shiuh eaUn into die akg uid Snin ia np*ble el loml' 
iof » lU^ with the iron oxidaL In order thut the Ivaat qouitiLy of inm may pau inta 
tba atig. it is iieceseajy for it to be redueed bufare the tampsriton ii attained at whioh 
"' ■ " it 1000°), nhicbie effected bj reducing the il 



with oarboiiio axide. From thia i: 

t may be judged by Uu propeitioa 



■e iwcleiBtaod bow the |>rngreu ol 
i[ the itega. Ditaila ol this 



eU'etudied eub>ect will be loaud in woiki on tuMalliugy. 
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deiigned to serve for tho cootmaous production of cast ironbycliu; 
the ore, fuel, aad fiux into the mouth of the furnace, (orcing a blast of 
ur inUj tlie lower part, and running out the molten iron nnd slag frou 
below, Tho whole operation is conducted in tornuees known as blast 
fuTfiacea. The annexed illuslration, fig. 93 {which b taken by kind 
permission from Thorpo's Dictionar]) of Applied Chemistrj), represents 
the vertical section of such a furnace. These furnaces arc generally 
ot lorge dimensions — vnrying from 60 to 90 teet in height. They ara 
sometimes buittagainst rising grouod in order to afford easy access to 
the top where the ore, flux, and charcoal or coke are charged,' 

* Tbe M«Cian of ■ blaft funiu^e ii npreHeatfld bj two truncated adud« joicifid nt IbsiT 
bm o a, tho Dppflr ocmebeinf longv Uud tha lower mn; the lower tunutift terminklad bj 
(he bJtiuth, or tlQi«t ojlisdjicil ayiij in vhii^: Ibe cul iron ud ilog collect, aas 
■ide being pnxrided with ipertnni lor dnwiag ofl the iron ud sltg. The air i> blown 
into the blmt faniue throogh ep«aiKt pipet, litoatfld ovflr tha heuth, at flhown in th« 
■BflLiob, Tbe air pivviogHlj |»weB tbroogb % >Ariei of CKil-itoD pjpet, heated bj tha 
oombUBtion of the oiubonia oxide obtained from .the appor paJti of the FornUrii «b«r« 
it ii formed u in ■ ' gas-prodacer.' Tbe blul turruca itcti conlinnoaily until it is worn 
ont ; the iron it tapped ofl lwic«ia day, and the fnniace ia allowed to cool a tittle from 
lime to liDie to aa not to be spoilt bjr the iacreaaiog heat, and to enable it to witiutand 
Inu Eiaaife- 

m gsnersl glre a 



vorld prodnoei aa 
which ia Don *ertod into wrooght 

* about \\ million torn a rear. 

d in tbJB ieip«etth« 

ncreaao of prodaction 

railway poipoaea, lor 

inilding), and in th« tael that: {a)' tho o«t of pigimu has 

a of Urge tDinHei and a fnller atadf ot the proceBKB taking 
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are cbargvd into the top of the fomaeo, ii 



d then 1> 
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ipwardi through the Inn 
m why carbonic anhydridt 
kd Tvgaidi the ore itaeU, o: 



ot coal at ebanoU. Uttlv by little 
the heatod carbon teaCU with tho carb< 

i> not efolved from the furnace, but only carbonic 

I being heated to about 000° to SDO° it ia reduced si 

iding the furnace, and for<ne.l by tbe conUct of 
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completely soluble in acids. When treated with acids a raeidiie ol 
graphite remains ; it is known m grey tit soft cast iron. This is the 
genera! form of the ordinary cast iron used for casting various objects, 
becauBO in this state it is not go brittle as in the shape of tdnlt cost 
iron, which does not leare particles of graphite when disB0lT«d, bnt 
yields its carbon in the form of hydrocarborw. This whit« cast iron 
is characterised by its whitish-groy colour, tluU lustre, the cryst&IUue 
structure of its fracture (more homogeneous than that of grey iron), and 
such hardaess that a file will hardly cat it. When white cast iron is 
produced (from manganese ore) at high temperatures (and with an ex- 
cess of lime), and containing little sulphur and silica but a considerable 
amount of carbon (as much as S p.c), it acquires a coarse crystalliDS 
structure which increases in proportion to the amount of manganese, 
and it is then known under the name of 'aptegeleisen' (and 'ferro- 
mangnneue ')? 

« fonuM. Tba cuboah acid btaatA in 
DDton iricaDdflBc«D( carboD, and lonaa wibh it carbonio 
iiidA 4etfl Ai ■ rAdaaibg afenl on Iha inu art, mud la rtt- 
tnbydrlde; thii gm msata with mon eubnn, taA sgiin 
[un acta u a reducing ugallL Thn find truiifDrautiMi 
fATbonic oiide ia effected Ld thoH pftilt of thflf1iniae« 
left of irOD dues not take plh», bat when the temperatort 
1 redaoe tbs cu-bonli^ luihjdrids. Tbs ucending miitnn ot 
troKsn, COg, icc^ is then withdrawn IhiuQgh tpecii] Lktokl 
r tipper cold p«rte ol the fiinuco nUli. uid it conducted tbto^i^ 
pip«i to thoH Bl5teB wbich are used for hivtLnif tho t^i, «bd &1bd ■omfltimeB into other 
iarnuK* need for IhB tartboi prociewoi ol inm swDUtiutDn. Tbs fuel of blant rDmaaw 
eimiiila ot wood chanual (thii ii the moit tipeniiia mttoritl, but tba pig iron pte- 
duced in the pnreit, becauM cbarcoal do*> not conliin any nlphaf, while coke iloee), 
anlbnsite (for iniluio*. in PaniujlTiuiiii, ajid in Ruuia at PiatouboITi woiki in tb* 
Don diitricO, cake, cod, end eien wood uid pest. It mtiit be bome in mind Uut tbe 
ntiUealion of nflphths »nd naphtba refute voald pFobablj give verj profitable rvnlM 

The promt jntt deecribed it accoinp&Died \tj a, e«ri*H of othor procotaet, Tbtu, tm 
■nitancs, in the blul fnrDiue a coniideribla quutitf of ryuwgen eonipounds ue fonned. 
Thii lakes pUce became the nitrogea of the sir blait oomei into contact with insan- 

A oontiderabla qoontitT of potaaaimn ojanide it fenaad wbaawood nharwiaT ia acaptojad 
lor iron amelting, at itt aah la rich in poUab, 

* Tbeapeciflo gravilf of while cut iron it about 7'S. OrvT ca*l >ron hat a mnch lowB 
qHciUs gnrity, uanwlj. TO. Ony eaat iron geneiallT ocDtaint lata maaiiianaaB aod 
nan lillaa than whita; bnt both eoatain from 3 to I p-c. of oarbon. The diflereno* 
batwean lb* varietiM of cttt iron dependt on tba condition of the carbon whicb 

with the in» — in all prabability, at the compound CFe^ f AInl and Oamond and othara 
eltiadsd thii oompound, which la tometimei tailed 'ewbide,' from lempered at*«li 
whiob atandt lo unanneaJed ateel aa white caal iron doaalognjl, bubparbapt m Lb* ttata 
of an indefinite chemical oompoood reaeiablin^ a eolation. In anjcaaB the compoond of 
Ihe iron and carbon in while cait iron it cbamtcdlj nr; snatable. bvcaUMt when tiowl; 
eooled il decampoeet, with aeparation of graphiU, jut aa a at^Btioa when aloHly cootud 



earboDic 



la carbonio oiide, whicb a4 
■e carbonic anhydride into 
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Cut inn is a material which is either suitable for direct ApplicBtian 
(or casting in moulds or else for workiag up into v:rought iron and 
«tsej. The latt«r principsJly difTer from cast iron in their coutaining 
leea carbon — thus, steel contAina from 1 p.c, to 05 p.c. oF carbon and 
far lass silicon and manganese than cost iron ; wrought iron does 
not generallj contain moro than 0*25 p.c. of carbon and not more than 
0*25 p.c. of the other impurities. Thus the essence of the working up 
of cast iron into steel and wrought iron tonaista in the removol of the 
greater part of the carbon and other elements, S, P. Md, Si, ki. This 
it effected by means of oxidation, because the oxygen of the atmosphert!, 
oxidising the iron at a high temperature, forma solid oxides with it ; 
•nd the latter, coming into contact with the carbon contained in the 
cast iron, are deoxidised, forming wrought iron and carbonic oxide, 
which is evolved from the mass in a gaseous form. It is evident that 
the oxidation must be carried on with a molten mass in a state of 
agitation, so that the oxygen of the air may be brought into contact 
with the vhole mass of carbon contained in the cast iron, or else the 
operation is effected by means of the addition of oxygen compounds 
of iron (oxides, ores, as in Martin's process). Cast iron melts much 
more ensily than wrought iron and steel, and, therefore, as the carbon 
separates, the mass in the furnace (in puddling) or hearth (in the 
bloomery process) becomes more and moro solid ; moreover the degree of 
hardness forms, to a certain extent, a meatiure of the amount of carbon 
separated, and the operation may terminate either in tho formation of 
steel or wrought iron.'" In any cose, the iron used for industrial pur- 




Ihwi deiK >nd thorough]]! nnlfarm wbiti u>t ima, ud tho Uttai o>ii1ibi» mucn rao] 
•Lml; Id kir thun tbt roiiDsr. White cut iron i» oot only uted tat convenlon into wrougl 
iroautd atoel, bol aJbo ia thoH caiOBwhflrfl gnabhudoeai ii required, iJthough it I»ai 
OQDpAnJed by bcerlAin briltlflneu, torinituiu, for racking rollers, plough. HhkTei, in. 

"^ Thit direct procuH of Bflpankting the cjtrbon fniin cftit iioa n termed puddling. 
la eonduDtcd in revarberilory tnnucoB. The OMl iron it plued on the bad ot I) 
tamsoa ud noltsd ; through ■ apsdal apsrtnto, Um poddlat lUn nptba oudUinf tati 
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ffisgneaium sulphate or annnoniutn chloTide) b; the prolonged action of 
a feeble galvanic current ; th« iron may be then obtained as a dense 




I* ntuJnd elltH- 1« neitn ffioltn »>l ima trou tbt bhIIIb 

tuiliut«» tb* nmarkl o| ihs phoipfaaTiii. Thii buk 
OiichntI praciiM, introdacea nbont 1*80. eniblei otei c 
■d phoipborui, wliicb hsd hitllerto only been oaed lor c 
VToniht iron ud ileel, tttlonll j tba greili 



melted is mull wind fu 
Fonned. whicb mij ba c^it m 



ito" i* otMn Died lor mikiog ci 



into ilBg). Ltjgt iteBl a 



sDgsatity ol tbs cutlngi, bj la 



wi not aiceediug SO kilo* ; 
liitur* ol vrODghl uid cut 



:g Ihe puufs of th« {mporitiit 
Hie laaion in Hwal loMBUJet ud 
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m and tha oiygftD ol ihe' i 



It ii biucd on the ou 
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lOBs. This mrtbod, proposed by Bottcher md applied hj ICIoin, giva^ 
i R. Lenz showed, Iron containing occludt'd hydrogen, which is dis- 



proceaa ih Ibat Dot only do the urboQi pilj 
tbe aalphot uid phoKphnniB ot the cast ito 
iitn oxideL DaTug ttw Uot decade the 
niU, UDDur plate, goat, boilen. As, bu dsreloped t< 
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llUuhiutdl 






cither by 



sutMHl- Wnraglilin 

tor (big. It euily melU in Uie oijli;drogeD Bams. 
■Uta direcUj (lom c»t imo. il tbe Utlei be nelted will 
CanndEnbla oiidiitioD then ttiet p1u» intide tfae nuin 
iIhi to anch an Oltont th»t tho wiooght ina lomwd re 
known [or obtuning wrought iron direetlf from rich in 
oiide -. tbt wrDnghl ima it (hen tunsad h > ipinigT 
filler tor parifying irmter)i and loaj be worked up into 
faring or bv diaaotTing in moltati caat inm- 

Evsrybod J is aam or leai tvmliu' with the difirmee in tha pnptrtia of ileel and 
vrough! iron. Iron i> nmukable for i(a aoltiiHa, pliKbOitT. and mwU elailicitr, whilit 
(leelmaybe chuadwiud b^ ill capabililj' of attainiog ebuticil; and budneiB if Hb« 
cooled iDddenlf after having been heated loa de^ite t<miperaturd, or. as it ii termed, 
Umpered- Bat il iampered iteel be rs-baatad ud'ilowlj cooled, it bsmmeB as aotl aa 
wningbt iron, ud cu then be cot with Ih* Sle ud forged, and in gsnernl can be raada 
lo aHomoany ahape. bka wrought iron. In thii Hftaonditinn il ia called anierded tlml. 
The tmnBition from tcmpeced to uiiiF*Ied ileel thda takes place in a aimilar wa; to tha 
truiutioD from trbjte to grej cast iron. Steel, when bomoganaona, baa eoniidarabta 
Inatre. and inch a fine graDular itnjcture that it taken a very high polish. Iti fractnre 
eleatljr ihowi the granular nature of ita itrnetiue. The poaiibility ot tampating ilaat 
enabtei it to he used for marking all kinda of cutting tualrumenta, bacaoaa annealed ataal 
eanberorged,tiimed.drawii(nDder collan, for iottance, tor making ntila. ban. &0.), died, 
Ac. and it Diair than be tampered, ground and polithed, The method and tamparatnr* 
of tampering and annealing steal determine ita hardnaaa and othar qoaUtie*. Steal ia 
genecallj tempered to tha requirad degree ot baldneaa in tha fnlloiring manner : II ia 
SnI atrongly healed (f« iaatann, up to SOI>°). and Ihm pluBfad into water—that i^ 
haidaDed hj rapid cooling (it then becomei ae brittl* aa glaaa). It ia then heated nntil 
tha anrfaea annmei a da&nite calont, and fioallj coolad allhar quickly or siowlf. 
When (teel ia heated op to S3CI^ ita luHace acquirea a jeltow colour (inrgical inatra- 
menta): it Gnt otalt beoomai atnw.ca1oBIed (raioia,^.), and than gold-csloiued ^ thaa 
it becomoa brown (tciuon), then red, then light blneat Wb' 
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idigo at 300° (files), and finally w 
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because a thiu 1 

wronght iron, and is more aolnble ip aci 

Its apeciSc gravity it about 7'C to T'O. 

Aa regards the tonnatian of steel, il 
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e tha bus 



It sbont St»°. These oolanra 
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a, but lata to than wrought in 



Caron abowed that thia pcnaefttioD dependa o 



a that the charcoal 
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onfirmed bj the fact that ehsi 
eament iron. The chareoal osed far 
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I of tIeeL Altbough steel is alto form< 
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engaged on beating. This galvanic deposition of iron ii used (hr 
nutking galvanoplaslic dicliA, which are distiiiguiBhed for thrir greftt 



niUogBD. Banc« tha |»ct plufcd bf niliogsn id 



aerollu 



ID Uken 



teel iB but ui inugniflcAi 



n of lareiga outter cm Lba qiuUty at stneL Tha priddp&l propartifia af atae] u^ 
tbcua d1 tomperiog add uiDcaJiQ^. Tbo compcnnili of tToa wLLb nlioon and baraa bate 
not IbivB propertiei. Thay are more itabla than Ihe carbon compoond. and thia lattar 
■I fapable of changing iti pnipertiea: bscaaaa tha urbon ia it eithar enteca into 
ecHnbinatiop of a]a4iadiaaiimgad.whiobdel4nninBi the condition ol bardnais oraofloH* 
of aL^el, aa in white and graj caat iron. Whan aluwlj cooled, itael apUU np inlo u 
miitora of aoR and catbarelUd i»a ; bol, nsverthalaaa. tha carbon doei not wparata 
from tiu iron. II anch Rt«cJ be again heated, it Tonni a oniform compoand. an^ hardena 
when npidir cooled. II tha aame itael aa befora be taken and heated a long time, (hen, 

bacnmta deitroTsd iihau lubjactad la heat, and the eteal beoosaii iroo miud with 
carbon. 8nch burnt stod eajmot be tempered, bat maj be corrected bj coDtinnedL 
forging m a heat«d condition, which haa the effect of rediatribnting tba carbon aqoallf 
throughout tha wh^e maaa. Altar the forging, if the iron is pure and the carbon haa 
sot bean bnmt out, ateel ia again formed, which ma^ be tempered- If iteel ha ra- 
ptatedJ]' or aDonglr heated, it baoomea bnmt through and cannot 1» tempend or 
annealed ; the carbon eeparatea from the iroD, and thia i> effected more eaail; il the 
etaa] contaioi otbir imporitiaa wbicb are capable of forming atable combinaticna with 
iron, anch aa ailicon. noTphnr, or pboaphonii- If there be much ailicoa, it occnpiaa the 
place of the cafboD. and then oontioned forging will not indQce the carbon onea 
•epacated to m-eoter into oombination. Snch ileel i« eaiily bocnt through knd oannrt 
be correiiladi tthen burnt through, it it hard and cannot be annealed— thia ia toogll 
atacl, an inlenor kind. Iron which conlaini inlpbar and phoapboroa cemeata badlj, 
oombinea but little with carbon, and ateol ot Ibia kind ia brittle, both hot and cold. 
Iron in cofflbinatiuo vith the abore-mantioned anbatancea cannot be annealed bf itow 
sooting, ihowing that theu compaandt are mora atable than Ihoaa ol eaibon and iron^ 






La fori 



of the ] 



a which cannot ho 



oombine with lion, hot not with carbon, ai 

anntialal and ia daletarioua (o iteeL Hauganeae and tnngiten, on the oantcarr, ar* 
a^peU* at combining with ohatooal -. the; do not hinder the formation ot iteel, bot aiea 
famore the isJDtioga eSecta ot other admixtures (by trantfotmiag these admiied inb- 
Hancaa into new compounda and alagil. and are tberatore ranked vith the lubatancM 
(rhioh Ml b*D«£eiall]r on atee! : but. ncTertbelaaa, the beat ateel, which ia capable ot 
mawliig moat often iu primiUte qoalitiea alter bnniog ot hot forging, ia the poreaL 
^e addition of V'i, Ci, W. and certain other metala to ileal nndnra it verj anitabla tot 
Witaia (pacial puipoaea, and ia tharatorc fraqoenUr made nae ol. 

It ia worthy ot altonlion that ateel, beaidea temper, poaaaiaei many nhabU 
propertiea, a reriew ol which may be made is the elaiaificalion of the tortt of lUtl 
(1»B, Cockarell). (1) Very mifiZ ileal contain! from O'OS to IHIO p.o. at carbon, bleak* 
with a weight ot tO to GO kilotipoi aqiiaie millimetre, and bai an eitenaion at ID to 
tas-c; it may heweldad,likewrDiigbt iron, but cannot be tampered; it naad in iheat* 
lor boilera. armooi plate and bridgea, naili, riieta, die, aa a labBtitata for wrougbt imn ; 
(1) mild iltel. from oao to 8S p.c, of carbon, revalanee to lenaiou 80 to BO kilo^ 
•itention 16 to » p.c. not eaailj welded, and tempera badly, naad lor axlea. raili, and 
railway lyrea, foi cannatu and guni. and (or parte of machinea deatined lo reaiil bending 



to OK p.. 



, breaking weight Hi 



taua. aiJ kiniu ot apnnga. a 
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hardness. Electro- deposited iron is brittle, bat if heated (after tha 

separation of the hydrogen) it becomes soft. If pare ferric hydroxide, 
which IB easilj prepared by the precipitation of EOlutionB of ferric 
salts by means of ammiinU, be heated in a stream of hydrc^o, it 
forms, tirst of a)l, a dull black powder which ignites spoDt&neously in 
air (pyrophoric iron), and then a grey powder of pure iron. The 
powdery sobstauce first obtained ia an iron suboxide ; when thrown 
into the air it ignites, forming the oxide FsjO,, If the heating in 
hydrogen be continTied, more water and pure iron, which does not 
ignite spontaneously, will be obtained. If a small quantity of iron be 
ifused in the oxyhydrogen flarae (with an excess of oxygen) in a piece 
of lime and mixed with powdered glass, pure molten iron will be 
formed, because in the oxyhydrogen Same iron melts and bums, but 
the substances mixed with the iron oxidise first, The oxidised iui- 
purities here either disappear (carbonic anhydride) in a gaseous form, 
or turn into slag (silica, manganese, oxide, and others}— that is, fuse 
with the glass. Pure iron has a silvery white colour and a Bpecifio 
gravity of 7-64 ; it melts at a temperature higher than the melting- 
points of silver, gold, nickel, and steel, U. about l40Ct°-1500° and 



It weld, but 



spincUn ol loom*, hamtnira, spodas, hiwB, &c. ; (4) vtry hard itetl, curboi 
p.c l«niils bnikiag weight 70 b> BO kiloa, eileDiion K to 10 p.c, doei i 
tempsn euiljr 1 a»d tor unmll ipiing^ niri.fila>,lnii*« uid umilu initnunenti 
Tha propertica ot onliuiirr utroughl inm an wait known. The bnt iron ii Ih 
tesuiDU— Ihul ii to ujr, th&t Bhicb ioet not bieak Dp wbaa itruck vitb the b 

belwHo hard ud wilt iron, aeoenlij Uie BofUut iron ii the mot UnKioai, ud eta 
belt be welded, dnwn mto wire^ aheaU, &t. Hard, e»pecLhllj toDgh, iron It oTIbii 
cbArmcteriied by ill bnaliiDg whoa bent, And ia therefore Tdry difficult to work, uid 

for nuking wire hnd ehevt iroo uid HBch mmiJl objects &i Daili. 8of t inn it nhuwiteriBSd 
b; it* stluning a Bbmas tnclDre after forging, nhilsl toogh iron ptemrei ill grumlar 
■truclare alter tliii oparation. CerUSn lorti of iron, althougb (airly »(( at the ordiiH(7 
lempenturo, become briltla wbeo heated uid are dilUcalt to weld, Thaee kfU an 
■«> iiiitable for being worked up into imall objecla. Tbe fariel; ol the propartiea of 
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below the melting point of platinQm {1750°)." But pure ii 
soft at a temperature cuosidergibly below that at which it mette, and 
may then be easily forged, welded, and rolled or dmwu into sheets and 
wire.'"*** Pure iron may be rolled into an exceedingly thin shee^ 
weighing leas than n sheet of ordinary paper of the same size. Thii 
ductility is the most important property of iron io all its forms, and is 
most marked with sheet iron, and least bo with cost iron, whoso 
ductility, compared with wrought iron, ia small, but it is still very 
oonsiderable when compared with other substances — such, for instance, 

Tlie cJumieai propertia of iron have been already repeatedly 
mentioned in preceding obapters. Irou ruete in atr at the ordinary 
temperature — that is to say, it becomes covered with a layer of iron 
oxides. Here, without donbc, the moisture of the air plays a part, 
because in diy air iron does not oxidise at all, and alio because, mora 

'I AccorfiDB la intgrmotion soppliad by A. T. SkiudH'i eipsrimenli ikt lbs Oboskofl 
8t«*I Woifci, 110 Tolnipiig at liqoid ma)ti-n sb»I gin 118 *Dlam*9 of lolid DubtL B7 
■«ain of ■ gtlnnic corrent of gmA 'mtaaulj and denu ehinotl u ona ahstnidc, and 
liDB aa tlw otbei, Bflmidou oeldad iron nod tani holsi Uireofli ihtct icoD. Soft 
vmnght iroD, liks itael asd solt maJlgalilB cut iroD, ma; bs melted in' SMmnu' 
NfOHnlin tflrnuea, and in (amaua faaalod with napbtha. 

>■ Mi Oon (IMBj, Tait. Barret, TohemoA, Ounand, and otlwn oburrad Uurf at a 
toBparatnn appmcbiag £00'— (bit ii, betwewi dark and bright »d hoil— all kind* of 
vmnght iron uodeigo a pacoliar cbiDga caUed rrealeicence, i.e. a ipontaoKiu riu et 
lanpantnra. II iion bo eouudermblr faeated and allowsd la cool, it may ba obicmd 
Uwt at Ihil lampentote UiB cooling alopa-^tbat it, btent heat ia diuBcagsd, con*- 
■ponding with achangs in Doodition. Tha apecific h«at, electrical cond of tirity.BiagnMia, 
and Dtbfr propertiet then also change. In teopehng. the tfimpentan of rBcaleecenH 
■noat not be reached, and lo alio in annealing, tc. It i> eTjdenl that a ohanga of llH 
ialaFnal eondition ia ber« anooaotetvd, exactly tijoilai to the Iranution Eiom a ulid to a 
liqoid, although then ia no svideni phfoiul change. It i> probable thit atlenliis ttod/ 
wonld lead lo the ducovery □( a almilar change in other •abetancea. 

f 1^ particln of at4el are linked together or cannect«d more cloaelj tbaq thoae of 
tba othat mclali : thla ia ibown by the fact (hat it only breaka with a tanafle attain o( 
60-W kiloa pu iq. DUO., whilit wrought iron only >ithataiuli about 30 bloi. oast iiun 
10, copper BJ, >ilTcr iS. platinum 30, wood B. The elailicity of inn, bIhI, and olhar 
metali ia eTpicased byths >o-calI»i corjRnent ofrUitlicilV- Let a tod he lakes whoH 
iMgIb ia L : if a waighl, t>, be bung Iioin the eitiemily of it, it will Ungtbm to I. 
1^ laaa it lengthEni ondet other eqtia] condiliana. (be more alaatio Uu material, il it 
teaomeiilt anginal teogth when the weight ia remored. tthaabeon ahown by aipeiifocol 
Ihat llM incKUa in length 2, dne lo atutiDitT, ia directly proportinnal lo tba langlh t, 
and (ha wsi^t P, and interaajy proportional to Uw aeclion, but changaa irith tba 
maUriaL The ooaScienl of alaaticitj sspraaaM thai weight (in kilo* par aq. mm.) 
vndar ubicb a rod hariag a iqnan aection lakan at 1 (wa lake 1 iq. mm.) aoqnina 
dsafale Ifaa laogUa by (enaion. Naluially in pranlice materiali do not wilhatood inch a 
langdiBning, uidei a cartein veighi they attain a limit af alaaticitj. i.t. ibay alntcb 
parraanentlT (nndergo defonnation). Neglarting Iraetlona |aa the plaalicity of metal^ 
Wun not only with Iba lampuatar*. but alu with lorging, punt]'. Jfc), the coetlciuit 
OTalaabcityotateelaodlronia ao,DOD, copper and biaai 10.000. aitver J,doa, glaatB,Ogo. 
I*ad 2,000, and wood 1,»0. 
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particularly, ammooia is alwaja found in iron rust ; the ammouEft ' 
arise from the action of the hjdrogcn of the water, at the aoineat of itfc 
separation, on the nitrogea of the air. Biglily'polisbed s(«e1 does not 
ruHt nearly so readily, but if njoiatened with water, it easily becomes 
coated with rust. Aa riut depends on the access of moisture^ iron may 
be preserved from rust by coating it with substances which prevent 
the moisture having access to it. Thns arises the practice of covering 
iron objects with paraffin," Tamiab, oil, paints, or enamelling it 
with a glassy -looking flux pcesessingthe same coefficientof expansion as 
iron, or with a dense Bcoria (formed by the heat of superheated steam), 
or with a compact coating of various metaU. Wrought iron (both as 
sheet iron and in other forma), cast iron, and steel are often Coat«d with 
tin, copper, lead, nickel, and similar metals, which prevent contact with 
the air. These metals preserve iron very efTectually from rust if they 
form a completely compact surface, but in those places where the iron 
becomes exposed, either accidentally or from wear, rust appears much 
more quickly than on a uniform iron surface, because, towardi these 
metals {and also towards the rust), the iron will then behave as an 
electro- positive pole in a galvanic couple, and hence will attract 
-oxygen. A coating of zinc does not produce this inconvenience, because 
iron is electro -negative with reference to sine, in consequence of which 
galvanised iron does not easily rust, and even an iron boiler containing 
some lumps of zinc rusts less than one without zinc." Iron oxidises 
at a high temperature, forming iron icalf, Fe^O,, composed of ferrous 
and ferric oxides, and, as has been seen, decomposea water and acids 
with the evolution of hydrogen. It is also capable of decomposing 
salts and oxides of other metals, which property is applied in the arts 
for the extraction of copper, silver, lead, tin, itc. For this reason 
iron is soluble in the solutions of many salts— for instance, in cuprio 
sulphate, with precipitation of copper and formation of ferroos sul- 
phate." When iron acls on acids it always/arm* eompcnirKlt FeX) — 

" Pusffln ii (me ot ths bHi prmnTstivu l« inni agunit oiiditlon in (h* ur. I 
toond Uui hj aipiriiiwDU aboat IMO, ud imiuduital; pnbliibid tha fut. Tbi* inMhsd 
U BOW T«Ty generftll J Applud. 

>' Sua Cbftpler SVtll.. Note 84 bii. Bund on thn npid oiidMion of iron ud iU 
fauBUM in Talnma in Ihc pnacDca ot watst ud hIu of wiunoniiim, 4 puking ia ated 
la VBlet iniiai ud Heun pipai nhich ia tighttjr htmmmd iala Iha tockal joLalM. 
Tbil pKkiDg contitti ol a miitora of iron Bliogi ud > hqiOI qauililj ot Ffl-nmiiiniiiM 
(udanlphuil auiiiWBBd with walar; kitar t. cartsin Upi* ol txma, aipsciall; kllat tb« 
pipM biva been dkiI, tliii mui twelti to mcli u ailaot thil it harmatioalljr tfit t)M 
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that Is, corresponding W the suboxide FeO » and ttoswering to 
oom pounds—and heoce two atoms of hydrogen lav replaced by one 
Atoro of iron. Strongly oxidising acids like nitric add may traDsform 
the ferrous salt which is forming into the higher degree of oiidation or 
ferric salt (coiresponding with the sesquioiide, FejOj), but this is a 
secondary reaction. Iron, although easily soluble in dilute nitric acid, 
loses this property when plunged into strong fumiiig nitric acid ; after 
this operation it even loses the property of solubility in other acids 
until the external coating formed by the action of the strong nitrio 
acid is mechanically removed. This condition of iron is termed tho 
passive state. TAe paigive condition of iron depends on the fonuation, 
on it« surface, of a coating of oxide due to the iron being acted on by 
the lower oxides of nitrogen contained in the fuming nitric acid.'* 
Strong nitric acid which does not contain these lower oxides, does not 
render iron passive, but it is only necesiary to add some alcohol or 
other reducing agent which forma these tower oxideu in the nitric a«id, 
ftnd the iron will assume the passive state. 

Iron readily oombiues with non-metals — for instance, with chlorine, 
iodine, bromine, sulphur, and even with phosphorus and carbon ; but 
on the other hand the property of combining with metals is but little 
developed in it— that is to eay, it does Dot easily form alloys, mercury, 
vhich acts on most metals, does not act directly on iron, and the iro» 
amalgam, or solution of iron in mercury, which is used for electrical 
machinoH, is only obtained in a particular way — namely, with the 
co-operation of a sodium amalgam, in which the iron dissolves and by 
means of which it is reduced from solutions of its salts. 

When iron acts on acids it forms ferrous salts of the type FeX^ 
and in the presence of air and oxidising agentA they change by degrees 
into ferric salts of the type FpX]. This faculty of passing from the 
ferrous to the ferric state is still further developed in ferrous hydroxide. 
If sodium hydroxide be added to a solution of ferrous sulphate or 
green vitriol, FeSO„"a white precipitateof ferrous hydroxide, FeHjOj, 
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Bpedfio grsTily ol 



n (and nickal) to the tonsEtioD of 
fi£e ot tha msUl, bocuus bt obHTicd ttiat vhaa huted in dir 

Bflm^en <^ierved Uukl ii a strip of imn ba imnunad in %ai And placed in tlic roag- 
Batio flold, it iapnodpaUr diuolved ct ita middle par^*.th&t ia, the acid acla more teably 
■I (ha polaa. Aeaording to f:tud (1891) itioug oitiic acid diaBolvsa iioD Id nuking it 
punn, (llhaugb the Htian i> a leiy alow one, 

>' Iron citriol or irrKii vil-nid, aalpbate ol inn Dt lamoa aolphate, gsDenllj errs- 
WliM* from aolntioas, like magiieeiiiiii aulphata, with wvna motecnlea of waUt, 
FaSO„TH]0. Tbia aalt ia not only fonnsd bj tha action ol iron on iiilpbiuis add, bM 
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is obtEuned ; but on exposure to the air. even undep water, it torna 
green, becomes grey, and finally turns brown, which is due to the 
oxidation that it undergoes. Ferrous hydroxide is very sparingly 
soluble in water ; the solution has, however, a distinct alkaline reaction, 
which is due to its being a fairly energetic basic oxido. In any case, 
ferrous oxide is far more energetic than ferric oxide, so that if ammonia 
be lidded to a solution containing a mixture ot a fprrous and ferric 
satt, at first ferric hydroxide only will be precipitated. J( barium 
carbonate, BaCO,, be shaken up in the cold with ferrous salta, it 
does not precipitate them — that is, does not change them into ferrous 
carbonato ; but it completely separates all the iron from the ferric 
lalts in the cold, according to the equation Fe,Clg + 3BnC0, + 3E£,0 
=sFe,0j,3H,0 + 3BaCl, + 3C0,. If ferrous hydroxide be boiled with, 
a solution of potash, the water is decomposed, hydrogen is evolved, and 
the ferrous hydroxide is oxidised. The ferrous salts are in all respects 
similar to the salts of magnesium and due ; they are isomorpboui 
with them, but differ from them in thai the ferrous hydroxide is not 
soluble either in aqueous potash or ammonia. In the presence of aa 
1 salts, however, s. certain proportion of the iron 



■lio bj the ictiuD d( moiiture (ml nir on iran prtite*, eapeciillj when prariDurif toutad 
(FeS, + 0,-PgS-f SO,), knd in thia conditioD it Builj *b»itii Ihe oiygan ol damp kit 
(FaS-i-Oi-FeSO,), Onea Titriol ii obUioed in mui; pnxauci h ■ bja-pradnot. 
Farroni nilphiLLfl, like lUl lbs fenaui ulti. h^i k pats gncDiih coldor haxdl; parcaptibla 
in aotntiao. U it b* dMirad lo preaerTe il withsat chuige--that.l«, ao u Dot la soDtaia 
farru componuda — it ia naeeaiar? to keep it benueticaUj aaaJed. Tbia ia beat done bj. 
cipelline the lur by maana ot aulphoiaui luihrdride oi ether, iDlphuTDUl anhydride, 
SO,, remoKs Di^gen from ferric compoiudi, which might be formed, and ia iMU 
ehanged iolo gnlphtuin acid, knd hsDco the oiiditiDn dI the temne compoDad 
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aiida i> larm-^i: eFaSO.-f O9-9Fe,(SO,)j + Pa,0]. In ordoi to cleanaa iDch miiad 
green tllriol from tlia oxide, il ia neceaaarj to add aome eolpburic &cid and iron »iid boil 
the miilure; the fairis atll ii tbeo (raflatonoed isto the ferrooi lUls : Fe,(SO,)]+Fa 
-SFeSO,. 

Oraeo liliiol l> need toi the nunofutDre ol NordluDSen sulphniii: uid (CbAptm 
a.), lot prepariog (erric oiSe, in muijr dye worln (lor preparing (he indigo rata and 
nducJDg blue indigo to white), and in many other procelMi. it la a1» a vary good 
diainfectant, nod ie tb« cheapeit a^lt from *hich other oompoondi ot iron may 'bt 

The other tnrou lalta fexoepting th£ yellow prnaajate, whjch wilt be mentioned later 
■r* but little DHd. and it la therefore unnca-mary to dwell opoD theD<. We irill onl; 
■Mstion /erroue ckLmdr, which. In the DiyalalliDe atale, bae the compoailioa 
F*C1„4H,0 lb Ii otily prepand . for mitance, by the action ot hydrochjoric acid en 
Iron, and in the anhydroaa atate by the action of faydrvehlorio acid gaa on metallie jroa 
at ■ T*d heat. The anfaydroue farroua ebloridi then volatiliHe in the lonn ol coloarlaaa 
coble etyitala Feirona oialala (or the doable ] 
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U not precipitAted by alkalis and alkali carbonates, which fact poioU 
to the formation of doulilo ammonium salts." The ferrous salts liava 
a dull gnrnisk colour, and form solutions also of a pale green colour, 
whilst the ferric salts have a broien or t'eddiah-biowi) colour. Thu 
ferrous salts, being capable of oxidation, form very active reducing 
agents— for instance, under their action gold chloride, AuClj, deposits 
metallic gold, nitric acid is tmnsformed into lower oxides, and the 
Highest oxides of manganese also posa into the lower forms of oxidation. 
All these reactions take place with especial ease in the presence of an 
excess of acid. This depends on the fact that the ferrous oxide, FeO 
(or salt), acting as a reducing agent, turns into ferric oxide, Fe,Oj (or 
salt), and in the ferric atat« it requires more acid for the formation 
of a normal salt than in the ferrous condition. Thus in the norma) 
ferrous solphate, FeSOf, there b one equivalent of iron to one 
equivalent of salphar (in the salphuric radicle), but in the neutral 
ferric salt, Fe,(80,),, there is one equivalent of iron to onn and a 
half of sulphur in the form of the elements of sulphuric acid." 

The most simple oxidising agent for transforming ferrous into ferric 
•alts is chlorine in the presence of water — for instance, 2FeCI] + 01, 

^' FenoQi iulphktfl, like ma^niiun aulplulet eiuiily fonni doublo ulta — Foi inituic«, 
(KH0,SO„FeSO„flH,a, Thii mlt doei noloiidiu in air « reldUj h gnea Tiliiol, Bud 
la thrrrhf^ nwd tor lUndudiiing EMdO, 

■> Tbe tcuulomution al (siroDi oiida ioto Itrrio oiidd is doI completely rHectei in 
air, aa tbea onlj & put of the aaboxide ia DoaverteiJ into Feme oiide. Under tkeee 
ancmutume tha eo-cBlled BURnetic oiide ol iron ii geiiBtilljr produced, whidi conUJn* 
«tsm^ qointiUM ol the mbaidde ud aiida— nunely, FeOiFogOi-Fo^O,, Thia anb- 
•Uooe, ** mlrecdj mentiooed, ia fotmd in TULtnre uid in iron aoale. It ii oJao formed 
*ben moalferroaa and ferric aolta uo heated in eit; thno, for IpitBnce, when rBrrout 
cuboiute, FeCO] (DitireDC the prsoipilala giv«D by Kda in > aotatlon of FXj), la 
heated it loKB the elenieBta of carbonic luilijdride, vid ms^etic oiid* reinuna. Thin 
mdde of iroQ ia eUnctod by the nu^et, end is on Uiia mccooni called m&^elia OKide, 
aJthongh it does not alwhya allow uia^etic propurtien. If m&^nDtic oiide bo diuolvcdin 
uj Bcid — foT irutvi<:et hjdiYvUorie^which do«a not Act ee on ojiidiaing o^ot, ■ fcmue 

•olntion. The beat way of preparing the hTdr^tc of the magnetio oiide iabydeocmpoaing 
a BliitDn d[ [eiToai uid ferric Hlte with unmonla ; il i>, homier, indiepenatbU to poar 
Ifaiimiitore into the unmoma, udnol eiuveni.u in thct cue (he (erroot oiide would 
U fint bo precipitated alooe, and then the ferric oiidc. The componnd thoa formed fau a 
bright green coloor, and when dried forma a black powder. Other combiutioni of 
terrona wiUi terrio oiide are known, u nre also compoonda ot ferric oiida with olher 
baua. Thua. tor initaoce, eomponndi are known containing 1 molecnloa of feiroua oiide 
to 1 of ferric oiide, and alwi of ferrous to 1 of feme oiide. These are alio ntagnetic, 
and are formed hy heating iron in air. The DUgneuam compound MgO,Fe,0] ia 
prepared by paeaing gaaenue hydrochlorio acid over a heated miitnre of magneBia and 
ferric oiido. Crjilalline magneaiuni oiide ii then formed, and black, ■hiny, oclahednJ 
OT'tali ot the aboTe-mentioned compoution. Tliii compound ia analDgoni to the 
aluminalei— lor inatanoe, to ipinel. Bemheim (isaat and Rouiuan (1W1| obtained 
many limHar compounda of fenic oiide, and their conipofitiaa appuently correapoode 
to the hydiatea (Not« U) known for the oxide. 
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*r IPoiOIg. or, generall}' sfwokmg, 2FcO + Ctj + HjO = Fe,0, -f 2HGI 
Wlien such k traiufonnation is required it is beat to «dd potuaii 
chlotate and hydrochloric ucid to the ferrous Bolution ; chlorine w 
formed by their mutual reaction and nets as ui oxidising a^ot. 
Kitric acid produces a limilar effect, although more slowly Forrons 
■alti tns; be complete!; and rapidly oxidised into f<>rric aattc by moKos 
of chromic acid or permnn;(&iiia acid, HMnO,, in the presence of acida — 
for example, 1 OFeSO, + 2KMnO, + 8H^0, = 5Fb,(80,), + 2Mn80, 
•{■ K,SD, -1- 8H,0. This reaction ia easily observed by the change of 
colour, and its termination ia easily aeea, because potouium pernian- 
guiate forma aolutions of a bright red colour, and when «>dded to » 
MlUtion of a ferrous skit tbe above reaction immediately takes place 
At pretence 0/ acid, and the solutionthen becomes colourless, because 
'the substances formed are only faintly coloured in solution. DiroctljkO 
the ferrooa compound lias passed into tbe ferric state, any excMS of 
permanganate which is added communicates a red colour to the liquid 
(see Chapter XXI.) 

ThuB when ferrous salts are acted on by oxidising agents, they 
into the ferric form, and under the action of reducing agents th« 
reverse reaction occurs. Sulphuretted hydrogen may, for instance, be 
used for this complete transformation, for under ita influence ferric 1 
Mit reduced with separation of sulphur— for example, Fe,Clg + Ufi 
^ SFeCIf + 2HCI + S, Bodium tliio.iulphate acts in a similar way : 
Fto,Cli + Na^jO, + H,0 = SFeO, + Na,SO, + 2HC1 + 
teUic iron or ainc,*<* in the presence of acids, or sodium amalgam, Ac, 
Mta like hydrogen, and has also a similar reducing action, and tbit 
tomisbes tbe hett metbod for reducing ferric salts to ferrous salts — 
tor inatanee, Pe,Cl( + Zd = 2FeCli + ZnCI,. Thw UatrantUion/nm 
^trrotu talU to/errie tatU and viitt vend u oftoayf poitibleV 

* Copiw tbd cuproui saJU dio redoce fonic oxid* (o barolu olid«, ud u* tlui^ 
■shMtnniad ititocu|irieB)u. Th*HKM*o( Uw iMf^ioB* i> opmud by tha foUoviw 
I. F«,0,4Cai0+lF«0+aCa0i F«,0)4-Cu-SFaO<-CaO. Th>> (lut ia (a>£ 
of in atuUTiiag coppv compoiuida* the qouititj of copper boing ■«oeTt«i)i«d bj the 
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I two iubMancea wJucb an bait ain|iU>T«d lor Ihu piupoaa: 
FaS,C^„ and potaHJom thiooyuUa, KCNS. Tha flnt aalt 
a bine precipitate ot an iuaoliible aalt, having a compontioa 
ric vita it dwi not fDrm aojr pracipiUta, ud onlj gim a bnmra 
en Ifuafoiming t, femaa aalt into a feme laJt. Lho wmpJatioa 
ij be detected hy taking a djop of tbe Liqoiil ou paper ^ on a 
Id pUle and addini a drpp ol (be lairicyaoidt iotiilian. U ■ bloo pracipitale be 
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Ftrrk oxid% or aesquioxlde of iron, Fe,0„ is found in nature, 
«nd is artificially prepared in the form of a red powder by many 
methods. Thus after heating green vitriol a red oxide of iron remains, 
called colcothar, which b used as an oil paint, principally for painting 
wood. The same substance in the form of a very fine powder (rougo) 
ii used for polishing glass, steel, and other objects. If a mixture of 
ferrous sulphate with an excess of coinniOD salt be strongly heated, 
orystslline ferric oxide will be formed, having a dark violet colour, and 
resembling some natural varieties of this suliatanco. Wlien iron pyrites 
is heated for preparing aulphuroua anhyHride, ferric oxide also remains 
behind 1 it is used aa a pigment. On the addition of alkalis to a 
solution of ferric salts, a brown precipitate of ferric hydroxide is formed, 
which when heated (even when boiled in water, that is, at aliout 100% 
according to Tomossi) easily parts with the water, and leaves red 
anhydrous ferric oxide. Pure ferric oxide does not show any mag- 
netic properties, but when heated to a white heat it loses oxygen and is 
converted into the magnetic oxide. Anhydrous ferric oxide which has 
been heated to a high temperature is with difficulty soluble in acids 
{but it is soluble when heated in strong acids, aud also when fused with 
potassium hydrogen su1phat«), whilst ferrio hydroxide, at all events 
that which is precipitated from salts by means of alkalis, is very readily 
soluble in acids. The precipitated /errw hydroxide has the composition 
2Fe,Oi3HjO, or Fc.HjO,. If this ordinary hydroxide be rendered 
anhydrous (at 100°), at a certain moment it becomes inoandescerib 
— that is, loses a certain quantity of heat. This self -incandescence 
depends on internal displacement produced by the transition of the 
easily -soluble (in acids) variety into the dithcultty -soluble variety, 
and does not depend on the loas of water, since tlie anhydrous oxide 
undergoes the same change. In addition to this there exists a ferrio. 
hydroxide, or liydrated oxide of iron, which, like the strongly 'heated 
anhydrous iron oxide, is difficultly soluble in acids. This hydioxido on 
losing water, or after (he loss of water, does not undergo such self- 
incandeacence, because no such state of internal displacement occurs 
(loss of energy or heot) with it ag that which is peculiar to the ordinary 
oxide of iron. The ferric hydroxide which is difficultly soluble in acids 
has the composition Pe]Oi,H,0. This hydroxide is obtained by a pro-, 

lonnA^ then part ol the ferroaa uJt Btill nni&liu ; if there ie iiod«, the trenifornutLOn U 
eoDipletd. Thfl thioDf ftn&te dwa not giva any Enu-lced colontioD with ferroDii solla ; but 
.with ferric wite in the mott diluted ilata It lonua ■ briglil rod ■olnbte compoDnd, uid 
Uienfon vbea truteFomiiiig e lorrio lult into ■ lenoua silt »e tniiit pioceed u befim, 
iMting It drop of tha eolnlian with Ihiocfaule, nhsD the ttbeeoce ol ■ red c ' 
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longed ebullition of water in which tetric bydroxida prepared b^ t1 
oxidntioD of ferrous oxiiie is suspended, and also sometimes by simiUr 
treatment of the ordinary hydroxide after it has been for n long time 
to contact with water. The transition of one hydroxide to another is 
^^iparent by a change of colour ; the easily-soluble hydroxide is redder, 
and the sparingly -soluble hydroxide more yellow in colour.'^ 

The normal salts of Ibe composition Fe,X( or FeXj correspond 
with ferric oxide — for example, the exceedingly volatile ferric cA/or«fc^ 
FejClf, which is easily prepared in the anhydrous state by the action 
of chlorine on heated iron.'^ Such also is the normal ffrrie nitrate, 

" Tlifi two ttttic hjdrcurdei &re not only chumctcriied by the AboTe-menbioned 
pr9pnilgs.bllt llu bj the fact that th« lint bydroiidsfoniu immcdiitd)' withpoluiiiua 
famcjuuds, K,FeC^n " ^^°<< colaur depandiiig on the lotmUion -ot PiuhUd Um, 

SnlhTdroiidD ii ealirelir tolobls io nilric, hydrochloric. 4>id nil olhei uidi; irhUit the 
BACond ■onaetimftB (bat dwHya) forms & brick- calaurfld liqliid^ which ippein torbid 
and do» not gin Uu rsu^ioni pwalia^ to the ferric hIu (F^ui da Soint-Oilla*, 
BdMorar-Keitner). la idiiitiiia to tliii. wlisn th* anuUcit quulitf of u tlbline Hit 
ii idded lo this Uqoid, ferric oiide is pt>>cipi(s(<^d. Thui ■ colloidil ululioo ii forrsed 
(hydroul), which it eiullT aimiliir (o lilict bydioKl (Chapter XTTI), Mcording (0 
■rhiob eiLVDpl* the hydroaol of ferric oxide nuy be olrtained. 

II ontiniry ferric hjrdrotide ba diHsIicd in ■cclic uid, • •olotiOD ol the oolaor of red 

■oluLion (Formed in the cold) 1m hc&ted to the boiling-poinl, ite colour ii nrj npMj 
ibbeaiiflBd. « undl ol uxlic Acid become* ■pfnuent, Ajid ths Kitntiqa then contuiK a 

evolv^, kfid the mndifi^d ferric oxide ii pracipilftled. tl the avaporktion of the tcelid 
Afid be prevented fin il cined or tehled veuel), a.ad the Liqaid be hcfttfld lor tome titna, 
the whole ol the ferric hydroxide then poaeeH into the iniolubic form, vti if wmealkaliaa 
Hit be edded llo the hydroHl formed), the whole of the lenic oiide ii then precipiUI«& 
in iU ineuluble lorm. Thii method mi; be •.pplied lor Kpamling (ccric olids tnua 

All pheiuimeiia obieTTed reipectiug ferric o>ida (colloidil pcopeitici, tuiodi fyfl. 
lomutioD ol double buic ulU) demonetnLls that thia lubatance. like ailica, alnmiaa, 
lead hydnnide, Kc, is palymerited. that the campodtiDn ia reprewniad by (F^sU. 

" The larrie compoDnd which ia moat need in pmotice (lor jnatiwce, in DtedieiB*, to^ 
canteriaiDg, alopping bleeding, tc^ — Oleon Martia) ia /trric eklaride. Fa,Ct„ caailj 
obtained by dtaaolTiTkg the ordinary hydratad oiide of iron in hydmchlane acid. It is 
obtained in the anhydioai aUte by the acUon of ddorine on heated Iron. The eipeii- 
nient ie ewried oa in a poieelain toba, and • aalid votalOe ruMance ii then forntad in 
the ahap* of brilliant Tielet Maloa which nrj readilj abaoib moiatare froro the air, and 
whan healad villi watoi dennpoae into cryitalline tenic oride and hydrochloric aud : 
F«,Cla*3B,0>-eHCl>Pe,0-,. Ferric chloride i« ao volatile that the deniity ol iU 
Tsponr may be detsrminod. At 110'' it Ja equal to ISIO rtlcnsd to hydrogen -, th* 
tomDUFe^l,coiTeapondi with a denaity ol ISlfi. An uiumoi eolation of Ihii aall 

laiaioc a or U molBcnIea ol U,0. Perrie eUarid* ia not only lolDbla in water, bat alas 
bl alenhnl (aimilaily lo mngnHiBm chloride, lie} and in atbar. II the latter •olDtiou 
aiaaxpoaed to llie rayaol the •■& they beooaw eoloarlaaa, and depoail lenoua chliwida, 
r«Cle dlonaa beinf diwngaCKL Uter a oertaia lapa* of time, the aqMOUa Klaliou 
ft bnie uhlrlTi^t daeompoia with precipitation ol a buic aalt, thoa dernonatnting tha , 
iDiUbitity of leitic chloridt, Uke tha other aalU of lerik oiide (Notf 19). Thii ult ia 
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Pei(NO))« ; it is obtained bj dissolving iron in an < 

much iDDie iMbls in the fc 

ulU ol Buinj othec [i»b]e bi 
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B of nitric Sicii, 



• doable ulU, Uln tU llio Feme ulti ud t]» Ibe 
PotLBUoiQ or ■ onm oQiiua chlondfl fdnnv wiUi il very 
Id ult. having the conpositlun Fe,Cl(,lKCl,aH,0. 
.panted it decampoKB. wilh Bepiirlition ol poli'liuiu 



B. Rooiebixjm (laSS) >tiidicd in detail (u [or CiCl], Chapter XIV,, KoM H) the 
•c^ntion ol diSi^nnt hjdiiitsa Irom latnnled HilDtiaiis ot Fe,Cl, tt vuioai Mnceo- 
trttioni Lad tflmpBTBlmn i he found thet thi^re are i Gi7ataUohf dtnteH with 13, 7, fi. and 
« molecnki ol water. An orange TcUow onJr iligbtl j hygroKopic bTdrate. FsgCIa,1SH^, 
[> rqoi t eaailf and uioall; obtained, vhich melli at 37° ; iU BoIubiliLj at different tempera- 
tnrei ii lepceiunled b; the enne BCD in the accampaDjuig Sirare, Bhere the point B 
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yohydral 



the point C comispondB to tho melting-pqint ( + a?^ or Ihe bjJrata Fo,Ci,„l!iH,0, and 

taken along the ui> olabiciiio, and the amotuit ot n in the forrauU nEajCl,«l<MB O 
■long the aiie o[ ordinalei). When anhjdroai Pe,CI, ii added to the abort hydrete 
(ISHgO), or HBie of the water i< e>apo»Ied horn the laltec, nrj bjgroHopio 
oiyalate ol Fe,Cli.fiH,0 (Fritsche) are fanand ; theji melt at G6°, their ■olubihty ii 
npreaaed by the cone EJ, which aUo proHnte a unall bruii:h at Um end J Tfaii 
l«alD gi*«> the [all in the temperature o[ rrytUIliaaliDD vith an incieate in the amount 
otFe,CI,. BeiidealhoH curvet and the lolnbility ol the ashydinaa lall sipnued bf 
the lino KL (up to 100°. bejond winch chlorioa a liberaled). BooHboom >1h given tha 
two raivee, EFO and JK. comaponding to the Ery>Mlloh)drate<, Fe,CU7B,0 (melU at 
*tVt, that ii lower than any ol the otben) and Fc,Cli,<H,0 (multa at TS°'II. which 
id by a lyatemalio reuarch on tha lolutioni oF (errie chloride. The cnrva 



ABrt 



;e From dilute k 
I chemtit D) 



eryitali from the double aalt (NH,Cl),Fa,Clo,aHiO 
WM obtatned in I8SB by FcitKhe, and it eaaily lorma 
by adding lal-anunoniac. when it eeparatea In crim 
diiulning in water, only depoiil again on evaporatioi 
Roouboom (laes] FoBod that when tha aoluticn c 



m< ol the I 
the Gonditiona ol the Ibrmation ol 
lie even mora perfect. This lalt 
from a ilrong eolotioD oF Pe,Cl, 
on rhombic oryitali, which, after 
, together with the taJ-ammoniae. 
ntaini b molecalea of Fe,Cl,, and 
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taking care &■ far u possible to prevent any i 
COrmELl salt separatfs from the brown Bolutic 



e of teropemtuTB." ITw 

when it ia concentrated 



^ 



le of the following mptn^ 
bcUMn C uid 11. Ud b 
MwMoi *-tS uii 1-8, or {i) > nuitnn ol tbcH try.Wii ind the donblj »!l. w)wd a 
-=1'S8, Md t-l'4T, or W tha donblfi gait, Fe,Clg,4NHiC],lIL,0, »hen a nriM 
MwMD a ud lia, ud b betvHD B*l ud <-M, or {() ■ miitarB nl *4l->innon>u vilh 
Um itDD ult (it iryiUlliHs io utwrate cubo, Rslgen, Lehmann), ohcn a «riw 
between I'Tud 10-9, mi]d&ul«> than S'U, or (S) ul-unmimiu:, when a^llBS. And 
u in the donhU ull,a-b: t : 1 it is eTident U»I (he double asll 




then the Bolntion dqpofitt mnixtnn 
XXIV. Koto O"-). U there -ere n 

knowledge it douhlfl talti, saluticnifl, the iDduoDoe at w^ter, «qailibiu, ieomorp 
Ti of chesiie^ rtl&tiont might be coneidenjjlj adr*] 
re deCDTDpoeed hj he*t and eren by v 
■ftlte, which may be propafed in Tariona way*. Oenenlly ienw hydroxide 
to Bclotioni of fcrrie tiitfate ; if it ualvne a double qoantity of iron the baaic aalt v 
tormed wbich coDUini Fe,0, {is the [ora of hydnnide) -i-aFe,(N0]),>'SPevO(NO,)n 
* aaJt el the type F*,OXj. Probably water enten into ita ronpoailion. With am- 
ridenbla qustitiee ol leiric oiide, ioKlDble baaic aalta arn obtained contwning Tariooa 
■nmnle of tenia hydnnide. Tbna when a lolDLiafi of the aboie-mcDtioned haaio tH 
1* boiled. ■ predpitata la formad FontainiDg <lFe,Og),,g<I4,0s},3H,O, which proMilj 
•ontaloe lFe,O,(H0i),*SPe,0,.SB,0 It a eolation ol batio nitrate be aealad ia a 
laba and then imnereed is boiliog watar, the eoloor M the Kintion ibaogee joit la 
the aanw way aa if a aolation of IcTrie acetala had been cDiployiid (NoU M). n» 
nlntioD obtained nntUt atrongly of nitrie acid, and on addinf a drop ol nlphnriB e( 
■fdnehlorie acid the inenlobla lariety ol bydrated fante gsida ia jndpiialad. 

Nonul lenia orthofho^hal ■■ aolobla ia >al{ABfio, bydnBhlaiie, and Bitrio aelda, 
bM iBiohible in otben. nth ai. tor hiitaBcr, aatie add. Th» eompoaltioa of Uiia lah 
la the aBbydrena liaU ii PePO,, bncaaae in orthoplHxpberie aaid tbai* an thraa atom* 
ol hydrogrn, and inm. in the ferrie ctata, replace* tb« Ihraa atoM of bydrogan. TU* 



4 






«, which, with dlHjdiDDl phcaphate, fo 
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under a bell jar over sulphuric acid. This salt, Ffl.,(N0,)^,9H,0, then 
crystallisea in welJ-formed and perfectly colourless crystals,"* wliicb 
deliquesce in air, melt at 35°, and are soluble in and decomposed bj 
water, The decomposition may be seen from the fact that the solution 
it brown and does oot yield the whole of the salt again, but gives 
partly basic salt. The normal salt (only s^ble in the presence of an 
excess of HNO,) is completely decomposed with great facility by beat- 
ing with water, even at 130°, and this is made use of (or removing Iron 
(and also certain other oxides of the form R^Oj) from many other 
bases lof the form RO) whose nitrates are far more stable. The ferric 
(alts, FeXj, in passing intn ferrous sails, net us oaldiaing agerits, as ifi 
teen from the fact that they not only hberate S from HH,, but also 
iodine from KI like many oxidising agents."^ 

tipil-le at FcPO,, lonUuiing wUei. II ft wlulion at lerrio cUoride l;cllD»iiJi.r(id 
coluur) be miitid with a tolution ol sodium ftcet&Ce ia «](c«ift. Lhe liquiJ ahuoici mJi 





lonnm white golUinoui precipitate ol leu 


. Bylfai>muii.(h«whal<oItheii. 


n maybe precipitited. ud the liquid wh 


th«lb«C«>U>COldDCl*U. llthit 




TyiUUine acid ull FeHi(FO,), !• t 


rmed. U then b< u Me«n e[ feme oii 




of ths buic H3t. U ft^iTie pho^hit* 




be ^dtid, > ult i> piwipitiled on Ileal 


kr continued wuhjug in wttoi no 


d heatine (to remove the oaler), hu 1. 


nFe.V,O„-lh»li.,«Ft,0^PA- 


In ui aqm-au* condition tlii> ull ma) 


u lerrio hydro.id., E.,(OH)„ io 





whole ol the phosphoric acid in the mail ol the lerrio oiida. 

Ferric oiide iachanctoriHd a* afeebla base, and a]» b; the [act ol ile forming donbU 
mIU— lot inaluce, polaaium iron aluHt, wliich haa ■ compoeilion Fe,(SO,|j.li,SO„ 
gtBgO « FcK(SO,|„l!H,0. It ia obtained in the lorm ol aliDott a>lour!e» nr light 
nMa^otonted taigo oclahedia of the legular ijstom by aimpiy miiing Bololioue ol 
potaaalnm lolphate and the lertin sulphate obtained b; diguilving Icrrrii oude in lul- 

o It would nam that all normal Icrric salts are colaurless. and that Uis brown colour 

example of the appajpnt cha'.je ol colour ol aaltK is niptcBcnted by the ferrous and ferrio 
onalatn. Th» former in a diy etato hai a yellow eolonr, altlwQgh as a rule tba lertoua 
(■Its are green, and the latter is colnurless or pale green. When the normal lertia salt ia 
diaitolved ib water it is, liko many saitt, probably decomposed by the water into actd 

is almost CDlouriess, is aasily decomposed by waler, and is the best prool of our asBer- 
lion. The atudj of the phenomona peculiar to feme nitrate might, in my opinion, giie 
■ vary nselul addition to our Imowledge of the squeons solutions of aalts in genenL 

»><• The reaction FeX,.tKUreX, + iUC 4- 1 proceed* compantively slowly in solu- 
tions, ianot complete (depends upon the masK)iand is nveTaible- In lhi« connection wi 
may cite the following data from Seubert aiid Rulirer's (ISUt) comprehensive reaearcbca. 
The inreatigstions were condocted with aalatiDiii containing fa gram— equivalent 
weights of Fej(504)j (>,(.' conUining ID grams of salt per litrel, and a correapoBdiog 
solution of KI 1 the amount of iodine liberated being determined (alter the additlos of 
■tuch) by ■ solution (also ff normal} ol Na^O, {nt Cl>a|iter XIL. NoW 49). Th* pro- 
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Iron tarias one otber oxide besides the ferric and ferroua oxides ; 
thia contains twice as much oxygen as the former, but is ko verjr 
unstable that it can neither be obtained in the free state nor as a 
hydrate. Whenever such conditions of double decomposition occur la 
should allow of Its separation in the free slAte, it decomposes tato 
oxygen and ferric o'xide. It is known in the stnte of salts, and ia only 
■table in the presence of alkalis, and foVms salts with them which have 
a decidedly alkaline reaction ; it is therefore a feebly acid oxide. Thus 
when small pieces of iron are heated with nitre or potassinm chlorate 
a potassium salt of the composition KgFeO, ia formed, and therefore 
the hydrate corresponding with this salt should have the composition 
H,FeOj. It is called /erric acid. Its anhydride ought 10 contain 
FeOj or FcjO,^ — twice as much oxygen as ferric oxide. If a solution 
of potassium ferrate bo mixed with acid, the free hydrate ought 
to be formed, but it immediately decomposes (aKiFeO, + 5H,S0, 
= 2KiS0, + Fbj(S04)3 + 5HaO + 0,), oxygen being evolved. If a 
small quantity of acid ha taken, or if a solution of potassium ft^rrate 
be heated with solutions of other metalllo aalts, ferric oxide is sepa- 
rated — for instance : 

2CuS0, + 2K,FeO, = 2KiS0, + 0, + Fe,Oj + 2CuO. 
Both these onides are of course deposited in the form of hydrates. 
This shows that not only the hydrate HgFeO,, but also the salts of the 
heavy metals corresponding with thia higher oxide of iron, are not 
formed by reactions of double decomposition. The solution of potas- 
sium ferrate naturally acts as a powerful oxidising agent ; for instance, 
it transforms manganous oxide into the dioxide, sulphurous into 
sulphuric acid, oxalic acid into carbonic anhydride and water, ke.^ 

Iron thus combines with oxygen in three proportions : RO, RjO,, 

gnu ol Ihe rsution wu eipreiied b; the ■mount of libcnted iodms in pi-reanUgu 
of the Iheorctinl unonnt. For jniUnce, the loUowing unoani ol iodids ol poUnliun 
irudsoompoHdwhaaFdjtSOih+ll'iKI wMUkaa: 



,. ts „ sat an ate M-i ms via 

8inulu rsiulu arcre obulued tor FaCI^ bnl Ui*ii th* unonnl of iodina lilMntod wh 
(omeohtt gntit. Bimiru ruulti vara hIk obtiUiwd by incHumg tha man ol FaX, 
per KI, ud by repluuig it by HI (*» Chiptci XXt.. NoU M). 

" U dilorine be pat*«d (hmugh a utroiig aolnliiM of polualon hjdioiida in which 
hrdnted ferric oiide ia luipended, Ibe turbid liquid aeqniraa a dark poDugraoale-rad 
coloDraiidRNiUiii)potuiia]nr>^mfai: lUKHO«Fa,Og+SCI,> flKiFtOiteKCl-t- tB,0. 
rhechlaHiumuat not b<ineii:«u.othcnriH the lall iiagaiDdooompDHd, allhooghlha 
■node of dacompoilliod it unkDOHni howoer. ferrio chlorida and polawniit ehlon.o 
am prabalily loni|ed. Ai>"tliar wajiu xhitb the •bnve.dMcribad lalt ii lormid iiiila» 
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and RO,. It might have l^eeii expected that there would be int«r- 
mediate stages RO, (corresponding to pyrit«s FeS,) luid RjO^ but for 
iixm these are unkoown.^'''''' The lower oxide has a distijictly basic 
character, the higher is feebly acid. The onlj oite whirh is Gtable in 
the free state is ferric oxide, Fe,Oj ; the suboxide, FeO, absorbs 
oxygen, and ferric anhydride, FeOj, evolves it. It is also the same 
tor other elements ; the character of each is determiued by the relative 
degree of sl&bility of the known oxides. The salts FeXj correspond 
with the suboxide, the salts FeX, or Fe^X^ with the sesquioxide, and 
FeX^ represents those of ferric acid, as its potassium salt is FeOj{OK)„ 
oorrespODding with K^0„ K,MqO„ KjCrO^, il:c. Iron therefore 
forms compounds of the types FeX], FeX], and FeX^ but this latter, 
like the type NX,, does not appear separately, but only when X re- 
presents heterogeneous elements or groups ; for instance, for nitrijgen 
in the form of NO,(OH), NH.a, ic, for iron in the form of 
FeO,(OK),. But still the type FeXg exists, and therefore FeX, and 
FeX] Are compounds which, like nmnionin, NH„ are capahle of furthei- 
oombinations up to FcX, ; this is also seen in the property of 
ferrous and ferric salts of forming compounds with water of crystallisa- 
lion, besides double and basic salts, whose stability is determined by 
the quality of the elements included in the types FeX, and FeXj.*^**^ 
It ia therefore to be expected that there should be complex compounds 
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ft gjilvuiic cdrrvnt (from 6 Grove clenienliij i< panuid Ihrough cut-inn 


.d pUtit,™ 






, U eonnectad w[Ih the poeitive pdle, ».d U» pUlinum (lecdod* i> mi- 
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on c1=<;tmd. 


^ but It i> Dwd up ID oiidition, >nd > durli solulioii oF patuiiiun [emle i> 


»Rlg« ton 


aed LboQl it. It i> nmii«ib[> (hit tbe nil irei; ctniiot be rei>Uced hf 



WTOOgbt iron. 

»'"• When Moiid and lus auiilul* obUined the innirlublo ToUtUa oDiBpoiuid 
ttl(CO|, (dflKtibed liter, Cb&pler XXU.), it »»< iho-n >i>bKqu«ntJ; by Mdiid taa 
Quincke (ieBI|,u>d kiw by Bertbetol. U»t iron, under nrtiin condition, in •■ >lreun oE 
oi-boDie oiide, el» loUtUiKi uid (onni ■ sompouiid like Uul given hj nickel. BoMoe 
and BcDdder then thawed that when nater gu i* paued tbrOBgh >nd k*p( under 
preuura (B atmoaphereH) in iron veseeli a portion ut the iron voUtilijei fnun tha 
aidet dI the veiiel. Hnd that when thegaa ii burnt it depoaita a certain amount of oiidei 
el iroa (the lanw reanlt ia oblaincd with oidinar; coal gaa which contain! a small anounl 
of CO). To obUin the volalile compound of iitm inf A earbtmic uijife, Hand prepand 
a €n«ly divided iron by heatmg tlic oialatfl in a atream of hydrogen, and aft«i cooling it 
to aO°— 4G° ha paiHd CO over the powder. The iron then ronnad (alUiongh very slowly) 
a toUlile componnd containing FeICO)i (at thongh it anawsrad to a tery high typa. 
FeXio), which when cooled condenieB into a liquid (elightJj ooloored, probably owing \a 
Incipient decompodUon). >p. gr. 1'4T, which tolidiflei at ~il°, boiU al aboot 108",. and 
■laaa npoardenaity (about S'S with leeped lo air) correaponding to the abois fomiula ; 
li dsoompoKi at 180°. Walvr and dilute acida do not act upon it, but it dacompoui 
under the autioD ot light and (orma a hard. non. volalile crjitallina yclloiw compound 
Fe,|CO), which docompoiea at SO" and a(atu [orma Fe(CO),. 

""< WhBnlhemolccuJuFe,CI,i>piDduccd ioitead ol FaCI, (hie coapUcation of 
tbg type alto occun. 
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derived from ferroas aod ferric oxidea. Amonget these the series. 
of cyanogen coupoundii is particularly interesting ; their forniation 
and character is DOt only deteroiiDed by the property which iron 
poGsessea of fonning complete types, but also by the ainiilar faculty of 
the cyanogen coDipounds, which, like nitrites (Chapter IX.), have 
clearly developed propertiea of polymerisatioa and in general of forming 
complex compounds." 

lit the cytmogencompoiiJula of iron, two degreea might be expected i 
Fe(CN)„ corresponding* with ferrous oxide, and Fe(CN]], correspond- 
ing with ferric oxide. There are actually, however, many other known 
compounds, intermediate and far more complex. They correspond 
with the double salts so easily formed by metallic cyanides. The two 
following double salts are particularly well known, very stable, often 
used, and easily prepared. Potaatium/errocyanidt or yellow prutsiate 
ofpolath, a double salt et cyanide of potassium and ferrous cy»nidfl| 
has the oomposition FeCjN^lKCN ; its crystals conUin 3 mol. of wqter ; 
KjFeOjNjiSHiO, The other it potagaiam/erricy anide or rtdprutriale 
o/polath. It is also known us Gmelin'g lall, and contains cyanide of 
potassium with ferric cyanide ; its composition ia Fe(CN)],3KCN or 
KjFeCgNg. Its crystals do not contain water. It is obtained from 
the first by the action of chlorine, which removes one atom of the 
potassium. A whole series of other ferrocyanic -compounds correspond 
with these ordinary salts. 

Before treating of the preparation and properties of these two 
remarkable and very stable salts, it must be observed that with ordi- 
nary reagents neither of them gives the same double decompositions 
as the other ferrous and ferric salts, and they Iwth present a series ot 
remarkable properties. Thus these salta have a neutral reaelioii, are 
unchanged by air, dilute acids, or water, unlike potassium cyanide and 
even some of its double salts. When solutions of these salts are treated 
with caustic alkalis, they do not give a precipitate of ferrous or ferrio 
hydroxides, neither are they precipitated by aodiuoi carbonate. This 
led the earlier investigators to recognise special independent groupings 
in them. The yellow pruaaiate was considered to contain the complex 
radicle FeC(,N£ combined with potassium, namely with K„ and K, 
was attributed to the red prussiate. This was con6rmed by the fa«t 
that whibt in both salts any other metal, even hydrogen, might l)e 
substituted for potassium, the iron remained unchangeable, just as 
nitrogen in cyanogen, ammonium, and nitrates doea not enter into 

■> Some light ID*7 be Uiioim upau Hie luuJIj of Feor IcnninR virioai compagnd* *iUl 
CN, by ttu Tut Uut Fa not ontf combinu wiU) wbon but hIhi wilh uiliogen. NilridM 
l/iro>iF«iNwuobUiii(pd by Fowler by Imting flnily poodard iron in » nlreun of 
NB( al Um Umptnlors o( niElling t«kd. 
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donbl* deoompoBition, being in the state of the couiplex radicles CN, 
NH,, NO]. Sncli a repreBeotation ia, however, completely luperfluous 
for the BxplauatioD of the peculiarities in the reactions of such com- 
poiui<U aa double salta. If a magnesium salt vhich can be precipitated 
b; potassium hjdrojdde does not form a precipitate in the presenoe of 
ganmoDiam chloride, it is v«ry clear that it is owing to the fortuAtiou 
of a soluble doable salt which is not decomposed by alkalis. And 
there is no nsceasity to account for the peculiarity of reaction of a 
doable salt by the formatioa of a new complex radicle. In the same 
my aiEO, in the presence of an excess of tartaric acid, cnpric salts do 
not form a precipitate with potasHJum hydroxide, because a double salt 
ia formed. These peculiarities are more easily understood in the esse 
of cyanogen compounds than in all others, because all cyaoogen oom- 
pounda, as unsaturated compounds, show a marked tendenoy to 
«ompleiity. This tendency is satisfied in double salts. The appear* 
once of a peculiar character in double cyanides is the more easily 
onderatood since in the cose of potassium uyanide itself, and also la 
hjdroeyjuiic acid, a great many peculiarities have been obaerved 
which are not encountered in those haloid compounds, poCasHiini 
chloride and hydrochloric acid, with which it was usual to oompafa 
cyanogen compounds. These peculiarities become more comprehensible 
on comparing cyanogen compounds with ammonium compounds. Hius 
n the presence of ammonia the reactions of many compounds change 
, «ou*iderably. If in addition to this it is remembered that the 
«enee of many carbon (organic) compounds frequently completely 
disturbs the reaction of salts, the peculiaritiesofcerlain double cyanides 
will appear still less strange, because they contain carbon. The fact 
tbot the presence of carbon or another element in the compound pro- 
duces a change in the reactions, may bo oompared to the action of 
mygen, which, when entering into a combination, also very materially 
ohoogea ib-o nature of reactions. Chlorine is not det«ct4:d by silver 
nitrat« when it is in, the form of potassium chlorate, KCIO), as it is 
detected in potassium chloride, KCl. The iron in ferrous and ferric 
compounds varies in its reactions. In addition.to the above-mentioned 
loots, consideration ought to be given to the circumstance that the 
easy mutability of nitric acid undergoes modification in its alkali 
nl^, and in general the properties of a salt often differ much from 
those of the acid. Every double salt ought to be regarded as a pecu- 
liar kind of saline compound : potassium cyanide is, as it were, a basic, 
and ferrous cyanide an acid, element. They may be unstable in the 
aeparat« state, but form a stable double compound when combined 
together ; the act of combination disengages the energy of the elements. 
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Aod they, bo to speak, saturate each other. Of course, all this it not k 
deSnite explanation, but then the supposition of a special complex radicta 
can even less be regarded as such. 

Potassium ferrocyanide, KjFeCgNj, is very easily formed by mixing 
solutions of ferrous sulphate and potassium cyanide. First, a white 
precipitate of ferrous cyanide, FeC,N„ is formed, which becomes blu» 
on exposure to air, but is soluble in oh excess of potassium cyanide, 
forming the ferrocyanide. The same yellow prussiate is obtained on 
heating animal nitrogenous charcoal or animal matters — such as 
horn, leather cuttings, ice. — with potassium carbonate in iron 
vessels," '"'■ the mass formed being afterwards boiled with water with 
exposure to air, potassium cyanide first appearing, which gives yellow 
prussiate. The animal charcoal may be exchanged for wood charcoal, 
permeated with potassium carbonate and heated in citrogen or 
ammonia ; the mass thus produced is then boiled in water with ferric 
oxide. *" In this manner it is manufactured on the large scale, and is 
called ' yellow prussiato ' (' prussiate de potasse,' iilutlaugenetilz). 

It is easy to subst itute other metals for the potassium in the yellow 
prussiate. The hydrogen salt or hydroferrocyanic acid, H^FeC^Nc, is 
obtained by mixing strong solutions of yellow prussiate and hydro- 
chloric acid. If ether be added and the air excluded, the acid is 
obtained directly in the form of a white scarcely crystalline precipitate 
which becomes blue on exposure to air {as ferrous cyanide does from the 
tormatioD of blue compounds of ferrous and ferric cyanides, and it is 
on this account used in cotton printing), It is soluble in water and 
■Icohot, but not in ether, has marked acid properties, and decomposes 
carbonates, which renders it easily possible to prepare ferrocyanides of 

u»d FeKB,, which 
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rodiuLiig tDbiUiieAi {b«c*t]M IhA red pruuiste ii m product of oxidation produced bf 
tha •ction ol cblorinc: ■ fsrrir: Hit ii rtdnoad lo t. rcnnui h11|, \e. In muy work* 
(upeciilly In Ganntnf and Fnnce) yellow pnu^ala u pnpued tram ths mut, con- 
tuning oiids of iron, knd employed for purifjing cod gu (Vol. L, p. 9(11). which 
gcnonLTjcontainic^'jinDgeQ fDinpoujidL About ap.c-of Iho ailn^i-n c<jntvned ineo&l ia 
mniarted into cjiknogen, which tornii Pruuiin btna ind thiocjuatn in lb* mui ntad 
lor pnrifying tha gu. On aTuponllontheKlBtionyieldilugajrellowcrTiUli eont*inin( 
3 iboIbcdIm at witcr, which ia eaailj orpelled by huting above 1110°, 100 pvta of waMr 
attbaordinuf tatnpenilurs uvoapablaol dinaolving S!l parti o( Ihii uU ; iliqi.gi, li 
I SS. 'Wim ignitad it (ormi potaHiun cyanide and iron carbide, FaC, (CfaapUr XHL, 
Not* 11). Oiidiiing lubitancn change it into poUuium terricjaoide. With atrong 
•alphuiio acid it givea carbonic oiidE, and with diloU aulpbaric aeid, whan healed, 
pnifaio acid ia eniUtd according to the iquiLion: aK,FcC,N,t 9II,30, ^ K,FeAK( 
+8K,SO, + 6HCN; hfnce in liic yellow pruatiaU K, repbcc. Fe, 
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ths meUls of the alkalis and alkaline earths ; these are readily soluble, 
have a neutral reaction, and resemble the yellow prussiate. Solutions 
o( these salts form precipitates with the salts of other metals, because the 
(errocyaiiides of the heavy metals are insoluble. Here either the whole 
pf the potassium of the yellow pnissiate, or only a part of it, is exchanged 
for aji oquiralent quantity of the heavy metal. Tims, when a cuprie 
salt is added to a solution ofyellowprussiate, a red precipitate is obtained 
which still contains half the potassium of the yellow prussiate : 

K4FeC6Nf,+CoSO, = KjCuFeCsNs + K,SO,. 

But if the process he reversed (iho salt of copper being then in excels) 
the whole of the potassium will be exchatiged for copper, forming ft 
reddish' brown precipitate, Cu,FeCeN^9HiO. This reaction and 
those similar to it are very sensitive and may be used for detecting 
metals ia solution, more especially as tho colour of the precipitate 
very often shows a marked difference when one metal is exchanged 
for another. Zitic, cadmium, lead, antimony, tin, silver, cuprous and 
aurous salts form while precipitates; cuprie, uVanium, titanium 
and molybdenum salts rfddish-brouin ; (hose of nickel, cobalt, 
anil chromium, grten precipitates ; teith /erroiu lalu, forrocyanide 
forms, as has been already mentioned, a while precipitate— namely, 
PeiFeOsNt, or FeC,N,— which turns blue on exposure la air, and 
with ferric salts a Wue jirecipilaCe called Prus$ian blue. Here the 
potassium is replaced by iron, the reactitm being expresMd thus : 
2Fe,Clc + 3K,FeOsN4= 12KCH-Fe,FejC„N,„ the latter formula 
expressing the composition of Prussian blue. It is therefore the 
compound 4Fe(CN),-f3Fe(CN),. The yellow prussiate is prepared in 
chemical works on a large scale especially for the manufacture of this 
blue pigment, which is used for dyeing cloth and other fabrics and 
also as one of the ordinai'y blue paints. It is insoluble in water, and 
the stuffs are therefore dyed by lirst soaking them in a solution of a 
ferric silt and then in a solution of yellow prussiate. If however 
*n excess of yellow prussiate be present complete substitution between 
potassium and iron docs not occur, and lolitbU Pmttian blue is 
formed ; KFe,(CN)j= KCN,Fe(CN)3,Fe(CN),. This blue salt is 
colloidal, ia soluble in pure water, but insoluble and precipitated 
when other ults— for instance, potassium or sodium chloride — ai« 
present even in small qoanUties, and is therefore iirst obtained as a 
precipitate,** 



350 



PBISCIPLES OF CHEMISTRY 




Fotassium ferricyani<le, or red pruuiaU. ol potash, K,PaOgN«, It 
called 'Gmelin's aalt,' hecauso this savant abtaiaed it by the sc^on 
of chlorine on a solution of the .yclbw prussiate : KiFeCnNg + Cl 
= KjFeCiNo + KCI. The reaction is due to the ferrous salt being 
changed by the action of the chlorine into a ferric salt. It separatea 
fixim oolutiona in anhydrous, well-formed prisms of a red colour, bat 
the solution kaa an oHye colour ; 100 parts of water, at 10°, dis- 
solve 37 parts of the wit, and at 100", 78 parts.*" The red prus. 
siat« gives a blue precipitate with ferrous salts, called TurnliidVi 6/tie, 
very much like Prussiiin blue (und the soluble variety), because it also 
contains ferrous cyanide and ferric cyanide, although in another propor- 
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and with IhoH ot urHoium, nickel. cobeJt, coppnr, ind binnuth brnwn pteclpitftLn. The 
laftd iftlt onder the nctieo at lulphiirclted hrdrogen fonni l«d enlphida ind ft hydroga 
•ftit or ft£id, H,FaC,N„ correipwding with potuuum ferricyinide, which ii laluble, 
cryitftllitee In red nwdliri, ftnd reeemblet hrdroferrocyftnie ftcid. H,FaC,N.;. Tinder ths 
■trtlou ot redocing ngenle— (or initsnce. aulphurelted hydrogen 
cjanida il changed into terracyftoide.eelieclftllyiD the preienci 

inlo dioiide, 




IRON, COBALT. ASD NICKEL 



351 



tioD, being formed according to the equation: 3FeCtj4-2KjFeCoN|] 
=6KCl+FeiFe,C'i,N|„ or WeCj'S i.Fe^C^ii ^ ; in Prussian blue wo 
have Fe,Cy,„ and here FejCy,;. A ferric salt onght to form ferrio 
cyanide Fe,CeN«, with red prussiate, but ferrie cyanide is soluble, 
and therefore no precipitate U obtained, and the liquid otdy beconica 

If chlorine and Bodium aro representatives of mdependent groups 
of elemenU, the same may also be said of iron. Its nearest aou' 
Jogues show, besides a similarity in character, a likeness as regards 
physical properties and n proximity in atomic weight. Iron occupies & 
medium position amongst its nearest analogues, both n-ith respect to 
properties and faculty of forming saline oxides, and also as regards- 
atomic weight. On the one hand, cobalt, tiS, and nickel, 69, approach 
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iron, G6 ; they are nietnh o( a more b&sic chnracUr, they do not form 
Bbibia acids or higher degrees of oxidation, luid are a tronsittoD to 
copper, 63, and tiae, 6^- Oa the other hand, manganese, 09, and 
<^ro[aiuin, 52, are the nearest to iron ; they form both basic aod acid 
oxidet, and are a traumtion to the loetala posseesing acid properties. 
In addition to having atomic weights approximately alike, chromiDni, 
manganese, iron, cobalt, nickel, and copper have also nearly the aamo 
specific gravity, so that the atomic volumes and the molecules of their 
Analogous compounds are also near to one another (see table at the 
beginning of this votume). Besides this, the likeness between the 
jkbove- mentioned elements is also seen from the following : 

They form Euboxides, RO, fairly energetic basos, isomorphous with 
magnesia— for insUnoe, the salt RS0„7H,0, akin to MgSO„TH,0. 
jind FeS0„7H,0, or to sulphates containing less water; with alkali 
sulphates all form double salts crystallising with 6H,0 ; all are capable 
of forming aniDaonium salU, &c. The lower oxides, in the cases of 
nickel and cobalt, are tolerably stable, are not easily oxidised (the 
nickel compoand with more difficulty than cobnit, a transition to 
eopper) ; with manganese, and especially with chromium, they ar« 
more easily oxidiied tlian with iron and pass into higher oxides. 
They also form oxides of the form RjO,, and with nickel, cobalt, 
and manganese this oxide la vetj unstable, and U more easily reduced 
than ferric oxide ; but, in the cane of chromium, it is very stable^ and 
forms the ordinary kind of salts. It ii. isomorphous with ferric oxide, 
forms alums, is a feeble base, &c. Chromium, manganese, and iron are 
oxidised by alkali and oxidising agents, forming salts like Nn,SO, j 
but cobalt and nickel are difljcnlt to oxidise ; their acids are not known 
with any certainty, and are, io all probability, still less stiblo thin the 
ferrates. Cr.Mn and Fo form compounds RiCI,; which are like Fe,Clj 
in mnny respects ; in Co this faculty is weaker and in Ni it has almost 
disappeared. The cyanogen compounds, espectally of manganese and 
cobalt, are very near akin to the corresponding ferrocyanides. The 
oxides of nickel and cobalt are more easily reduced to metal than those 
«[ iron, but those of manganese and chromium are not reduced so 
easily as iron, and the metals themselves are not easily obtained in a 
pure state ; they are capable of forming varieties rtisembting cast iron. 
Tlie metals Cr,Un,Fe,Co, and Ni liave a grey iron colour and are very 
.difficult to melt, but nickel and cobalt can be melted in the reverbera- 
tory furnace and are more fusible than iron, whilst chromium is more 
.difficult to melt than platinum (Dnville). These metals deoompose 
water, but with greater difficulty im the atomic weight rises, forming e 
ttansition to copper, which does not decompose water. All the com- 



IRON, COBALT, ASTl NICKEL 



353 



pounds of thesd mctala have vnrioua colours, which are soiuetliues very 
bright, especially iu the liiglicr stjiges of oxidatiou. 

Thew metals of the iron group are often met with together in 
nature. Manganese neurly everywhere acoooipnniea iron, and iron is 
alwaj-s an ingredient in the ores of manganese. Chromium is found 
principally as chrome ironstone — that b, a peculiar kind of mognetio 
oxide in which FejOa ia replaced by CtjO,. 

Nickel and cobalt are as inseparable companions as iron and 
manganese. The simthirity between them even extends to such 
remote properties as magnetic qualities. In this series of metals wo 
find those which are the most magnetic : iron, cobalt, and nickel. 
There is even a magnetic oxide among the chromium compounds, such 
being unknown in the other series. Nickel easily becomes passive in 
strong nitric acid. It absorbs hydrogen in just the same way as iron. 
In short, in the scries Cr, Mn, Fe, Co, and Ni, there are many points 
in common although there ore many diSeronces, as will be seen still 
tuoro clearly on becoming aequainted with cobalt and nickel. 

In nature cobalt is principally found in combination with arsenio 
and sulphur. Cobalt arsenide, or cobalt speist, CoAs,, is found in 
brilliant crystals of the regular system, principally in Saxony, Cobalt 
glance, CoAA|CoS,, resembles it very much, and also belongs to th^ 
regular system ; it is found in Sweden, Norway, and the Caucasus. 
Kitp/tmiclcel is a. nickel ore in combination with arsenic, but of a 
ditferent composition from cobalt arsenide, having the formula NiAs ; 
it is found in Bohemia and Saxony. It has a copper-red colour and is 
rarely eryatalline ; it is so called because the miners of Saxony tfrat 
mistook it for an ore of copper (Kupfer), but were unable to extract 
copper from it. Ifkkel glance. NiS„NiAsj, correaponding with cobalt 
glance, is also knoivn. Nickel accompanies tlie ores of cobalt and. 
cobalt those of nickel, so that both metals are found together. The 
ores of cobalt are worked in the Caucasus in the Government of 
Elizavetopolsk. Nickel ores containing aqueous hydrated nickel silicate 
are found in the Ural (R^vdansk). Large quantities of a similar ore 
are exported into Europe from New Caledojiia. Both ores contain 
about 12 per cent. Ni. Gamierite, (BO)i(SiO,)JiH,0, where R=Ni 
and Mg, predominates in the New Caledonian ore. Large deposits of 
nickel have been discovered in Canada, where the ore {as nickelous 
pyrites) is free from arsenic. Cobalt is principally worked up into 
cobalt compounds, but nickel is generally reduced to the metaUic state, in 
which it is now often used for alloys— for instance, for coinage in many 
European States, and for plating other metals, because it does not 
oxidise. Cobalt arsenide and cobalt glance are principally used for tha 
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preparation of cobalt compounds ; they are first sorted by discarding 
the rocky matter, and then roasted. During this process most of the 
sulphur and arRcnio disappedra ; the orsenious anhydride volatilises 
with the sulphurous anhydride and the metal also oxidises,'' It is a 
simple matter to obtain nickel and cobalt from their oxides. In ordor 
to obtain the hitter, solutions of their salts are treated with aodinm 
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C«ri>OD&te and tbe precipitated carbonates are heated ; the auboMides 
are thua obtained, aild these latter are reduced in a stream of 
liydrogen, or oven by heating with ammonium chloride. They enslly 
OxLdiM when in the state of powder. Wheii the chlorides of nickel 
and cobdt are heated ia a stream of hydrogen, the metnl is deposited 
In brilliant scales. Nickel it- alioai/a much more easily intd quiekljf 
rtdueed than cobalt. Nickel melts more easily than cobalt, and this 
crvea famishes m roeans of testing the heating powers of a revcrberatory 
fnmace. Cobalt fuses at a temperature only a little lower than that 
mt which iron does. In general, cobalt is nearer to iron than nickel, 
nickel being nearer to copper.'"^ Both nickel and cobalt have mag- 
netic properties like iron, but Co is lesa magnetic than Fe, and Ni stiU 
tea sa The specific gravity of nickel reduced by hydrogen is 9-1 and 
that of cobalt 8'9. Fused cobalt has a specific gravity of S-5, tbe 
I ftensity of ordinary nickel being almost tbe same. Nickel has a greyiak 
Bilvery'white colour ; it is brilli>Lnt and very ductile, so that the Snest 
■wire may be easily drawn from it. This wire has a resistQnco te 
tension equal to iron wire. The beautiful colour of nickel, and the 
high polish which it is capable of receiving and retaining, as it does 
not oxidise, render it a useful metal for many purposes, and in 
many ways it resembles silver." "^ It is now very common to cover 

bet (hat Co ii noro cloicly reliLt«d to Fg ud Ni to Cu ; uid m the itoisic neight dI 
Va • U u^ of Co -^ OS, Ibea uurdinK to ths pilndpln ot tha pBriodic sjitem it ironld 
b« npeoted (hat the Atomic weight of Co would bo iLbaiitEa-BD, whilittfastol Ni ihoaU 
In gntitl Itiui tlml a( Co bal Ieh than Uitt ol Ca, 1.9. iboUt iO-i'tO'S. However, u 
fat tha nujorit; of the daluauiUitiDDi of tbe nlomio veighU .dI Co and tfi gits a 
mSiHot roull ud ahoH tliat •. lower Xomio weight i« obtuied (or Ni Hud lot Co, 
31iiu E. WinklEr (1B9() obUinod (oiiiplayiiig metiit* depoailed electroIyliuUy ind dDlar> 
mining tbs unouiit ol iodine which combinod witb Ihem) Ni = M'73 ind Co ^ Gft-a7 (if 
B -^ I ud 1 - lUS'IiS), In m; opinion thi< ihaald not be ragiuded u piaiing Ihit tb« 

oltding the iwaitioD of theae dementi in the (TStcm [iji, by pluing Ni (.ilei Fe, and Go 

BaitloCn),beQin»ia tbe a»tpbu» the figures giTentj^BraDtohemiite (tor inttucn, 

Zimmennuin, EiUbi, ud atharB| ue Kcnewhkl diietgent, and in the Hcond place tba 

Bwjoritj of tha Uteit model al determiniug tbe atamio waighta of Co uid Ni um at 

tndincwbit weighta of these metali react with known weigblaaf other elementiKilhaal 

taUng into acooaot (be lacultr thty hue ol abaorbiog hTdrogen ; aioce (bia lacoltr ia 

IBOn daraloped in Ni than in Co the brdrogen (ocoladed in Ni) ihoold lower the atomla 

waighi of Ni more than that ol Co. On (b« whole, tbe qaartian ol (he atomlo 

vaigfaU of Co and Ni cannot jet be ooniidered u decided, notwitbitanding the 

■BamereDaresearcheswhidi hate been made; (till there can ba no donbt that the slomio 

I «al|)ita of Uiaea two metala are Tary Qearlf eqoat. and paMr (bu thai of Fe, but leit 

J tiian tha,t of Co. Tbii qaeation ia of grval Inleieat, not onlj for CDoipIeling our kiiow- 

f 'ladga of theai metala, bn( al« for perfecliog ooc knowladee of the periodic ajalem ol lh» 
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^ther metals with a layer oE nickel (iiickol plnting). This is dond hy m 
process of electro -pint lag, using a Eolution of a nickel salt The 
colour of cobalt is dark and redder ; it is also ductile, and has a 
greater t«nsUe resistance than iron. Dilute acids net very slowly on 
nickel and cobalt ; nitric acid may be conBidercd as the best solvent 
for them. The solutions in every case contain salts correspondiuj; with 
the tcrrous salts — that is, the sallt CoXj, NiX„ correspt^iul ivith th« 
ntbiaida at these metals. The^o salts in their types are similar to the 
maguesium salts. The salts of nickel whea crystallising with water 
have a green colour, and form bright green solutions, but in the anhy- 
drous state they most frequently have a yellow colour. The salts of 
cobalt are genei-ally rose-coloured, and generally blue when in the 
anhydrous state. Their aqueous solutions are rose-coloured. Cobaltous 
chloride is easily soluble in alcohol, and forms a solution of an ii 
blue colour." 
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IS ol CoCli oodei tfct inflocnce not 

inlio at all the haiogdn ulli ol cobalt, CiyatiUline iodide of oobolt, CoI^H,0, givei > 
dark rod •olotioD botnesn -ail°'ud tW°; aboTS taO° tfae KlDliop tomi blown and 

Etatd ths chaiiga ol cotonr is duo lo the lacl that tl finl the solulion conlaiaa the 
hydnte Co1,H,0, and thai alwva W it cvutaim CoI,tHiO. Theaa hydnleB cu be 
cryitalLiApd fion) the solutions: the fottnerat (.rdiiis-ry lenipeTatitn and the Utter ou 
heating the aolLitiDf.. The inlctmediale otiva colour ol Iho solotiona comEponds to the 
incipient decompoailian of the heiahydnled tall and il> puiagii into CoIilH,0. A. 
Bolntion of the hcuhydriiled cliloride of cobalt, CcCI,<tH,0. it rose (otounid between 
- 11° and +36': hut the colour change! itaithig fnio +1G°, ud paitei thioDgh all 
the tint! hetwean red and blae right up to S0° ; a tme bine tolDtlon la only obtiunad 
at SS° and ramaina up to 800°. This Im* bin* aolulion conb^oa aaolher bydnt4. 
CoCI,3II,0. 

Tb« dopendence between tlw Klnbilily ol the lodido >nd chloride ol cobalt and 
9 loBipHBlnn is npretsed by two almoal stnlgbt lines coireajjonding to Ihs Len< 
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If B MluUon of potassium hydroxide be added to a wlntion of ■ 
«obali salt, a blue precipitate of the basic salt will be formed. If » 

taoBion or lOlutiDiit ol cUoride ol uli^t with Iho Icmperatare. Ve hiLia rep«tl«tlj 
■m Uuit itquema •olutiaixi (tor iattance. Chapter XSII.. Ni>l« 99 for Fe^a,) ikponl 
diSenot cirttaUo-hydnttei at diflerent leminmtarea, tad tliit the UDaoiit ol wtlst 

CoClgSHgO (or ucording Co FolrUliin CoCI,H,0) should HpMte out nhora M° uid 
Ci>Clt8H,0 at W° ud below. Not u it eiaii>tiaB>] Uub Ihn eolani «[ ■ adt lariaa 

iitio that the chuigo ol cDlonr takaa placB in Bolatiaa in the pnataai ot ui simh oI 
water Thia apparently thove ChU the iflual KlutioE mayconlaineitherCoCliDHiO or 
CdCIiIHiO And »> ws know Ih&t a iDlDtiou mar MDtalii both malaphoiplioria FBOi 
tai orlhoiihcwphorig acid H,PO, ' HPOj+UiO, u wdl H cutain othor ubydlidMt 
Uw qacilioa ol tha itate ol nubslancea in (olutiDOB besooiti itill mora complicatad. 

Nickel nlptaate cryitalliui f rora neutral Bolslioiu at ■ tanpemtnre ol boni IE" lo Xfl 
fa) rlumbie erjatali eonUining TH^. lU form approaehaa ray oloaul; to that ol tte 
nlta ol lino and aiagueiiam- The (tlanea ol a vertical priBm lor nugpesiiun valti aft 
Inclined at an angle ot BD° 80', lor line ulli at an aDEle of 91° 7', and lor niokol lalti at 
uangle ol 91° 10'. Such ii ain tho lonn ol the aine and magneainm ulenatei 003 
chiomatee. Cobalt ml[^le coolaining 7 molecnilea of water Ia depouted in orrBtala 
of the montKhnie rritam, like the oorreapoodiD j laUi oE iron and manganne. The angla 
of a vertical prism lor the imn aalt ' 83° W, lor oobalt - 63° XT. and Iho inclination ol 
the boriioBlal pinacoid lo the Terlical priim for lbs iron ult ^ W 1'. and for the cobalt 
■It tf M' All the iaomoiphoiu niilniM of the alti of magnciium. iron, coball, 
■iekal and mimganeae have the lama fom if they contain 7 mol. B^ and iron or oobatt 
pndofliiaate, whiitt if there ii a pzeponderancfl ot magneiliun, litiCi or Dibkel. tb 
ccrilaJe hale a rhombic lorm like magneainm inlptiate. Hence tbete eolphalaa n 
4imar/iltoM.but loriome theone [ormiamanilableandlarothentheathar. Bn)ak«i J 
■au. Hltuherlich, RammelabETK, and Uarignvi ba'eeiplainsdtheierelatiana. Bio ~ 
and Hilacfaerlich aim Happoied that NIBOt,TH,0 ii not ooly capable of aninmiiig Ih 
baniB, bat al» that ol the litraganal ajAtoni, beeaoH it ia dep^^itcd in thia forrn f roia 
■etd, uid •apedallr troia alightlT- hated lOlalloDa [90° lo iV], Bat Haiigoao denuu- 
itlMcd thai Ibe tetragonal cry itali donotcontain7,bnte,molecDlMolwab». Ni!iO„eH^ 
Be alao obieivad that a aolotion evaporated at W to 70° depoaita mooocUnic crrstall, 
hnl ol a diRarant form from rerroni .nlphate. PeS0,.7B:,0-nan»]y, the angle ol Um 
priim ii 71° sa', that ol the pinacoid 9e° f. Thii aalt appean u> be Ibe mine with 6 
owlacBlea of vater ae the tetragonal. Uarignao alio obtained magnaiium and liM 
r by e 
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■olution of ft cobalt salt be heated almost to tho boiling-point, Mid tho 
■olution be then mixed with n boiling solution of an alkali hydroxide 
A pink precipitate o/ cobaltoiti ht/droxtde, CoH,0„ will be formed. If 
air be not completely excluded during the precipitation by boiling, the 
precipilato will also contain brown cobaltjo hydroxide fornied by the 
farther oxidation of the cobaltous oxide." Under similar circuiDstancea 
nickel salts form a green precipitate of nickelout hydroxide, the lonua- 
tloo of which is not hindered by the presence of auimonlum salts, but 
In that case only requires more alkali to completely separate the 
nickel. The nickelous oxide obtained by heating the hydroxide, or 
from the carbonatv or nitrate, Is a grey ponder, easily soluble In acida 
and easily reduced, but the same substancn may be obtained in the 
crystalline form as an ordinary product from the ores ; it crystaltisea 
in regular octahedra, with a metallic lustr«s and is of a grey colour. 
In this state the nickelous oxide almost resists tho action of acids.'' '^ 

tolnble In WBlct but UKrosl)' to\ohU tn ethjl ud nHtfa^I ilcahal, ttitj dscompoH into 
gTMn Diids ol nickel lod poUuium Bnoride vhsD hMted in ■ cQireat al dr. Tha 
udocoDi Hit of cobdl arrabillliH la criniHD BaJcu, 

II iuibud of polUHiDm flDDHds, CoCI, or NiCI| b« UtuA i 
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■ Btium of bfdroaaotla uid, occun ii 

intoloble m «&t«r, aloobol, uid atbflr ; tulpburio, bjdroctlario, viA nLtrir 

no uLion upon them, oven when hentetl ; IliF] <• deco>n[K>»d bj tUinii with the loratn- 

UoD ol bluk oxide, which reUina th« ct^iUUiiie iltoclon of (ha mII. Floorida ol 

cobalt, obtained ■» k roie-CDloured powder b^ decompoH^g tho double kduuoiuani Mli 

with the tid of but in ■ alreuu ol hjdraflaDrio uid. tiuea Into a reby.Cfdonred mui 

which b«n dietioot ligni of • cc^gtAUina atructDie; ip. ^. 4*«S, The molten laii 

onlf ToUtiUiaa »t nbont 1*00°, which lonne » deu diilinctioa between CoFi w>d Ihi 

ToUtila NiFij Brdcochloric, inlpburio, tad aililc acid* act npon CoP, ai-an In the cold, 

allhougb alowlj, while wbm hulcd the reaction prooeedt rapid Ij- (Poalene, IBM). 

t* Hjdratad Bobolido of cobatt (de SchDlten, iseo) ii obtained in the [ollowiii( 
nanner. A iolution ol 10 gnuiu of CoCliSH^O in 60 c.c ol water ie hailed in a Baak 
with MOgnuna ofcauitin pa;aBh and a atreara of coal gaa ia paeaed through tha aoluUoo. 
Vhan healed the hydrate ol tha auboiide of cobdl which aeparalei out, diuoliea m tba 
cauatio polaah and romt • dark blue loliition. Ihia aolutiim li allowed to atand tor U 
hounln an atmoephara of coal gaa (inoidar tapcarootcnidalioD). The crjitalliue maaa 
which ••pantei out baa a conipoaitlon C(i{OH)i. and to the naked eye i.ppean aa a violet 
powder, which ia seen to be eiyitalline nnder tha niiaio«D|ie. Tha apecifle gravity of 
thia bj-drite ia iiVt at 15°. II doea not undergo change io the air; warm antic a«id 



H th Xba folloiring r«aelioa taxy be added to thoie ol the eobaltou and niehelona 
wlta: polaaiiuni eianide lorma a predpitalx wilJi cobalt aalt* which la eolubla ii| an 
«IO*H of the nagant and forma a green aalntlon. On beating thia and adding • certain 
qnantltj of acid, a double ceAoJt cyanide ia formed which oomaponda with potaarinm 
terriDTaiud*^ Ite lormation ja aAcompanied with tha erolatlon of hTdrogen, and ia 
founded npon Uie pn^nrty which toball hai dI ffiidlatng in an alkaline aoinllon, the do' 
Telnpment ol which baa been obasrved in aach a conaidenble meaanre In the oobaltaminf 
■alte. Tha proeeaa which goea on hare may bi ■Ipreasad by the following equation i 
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It ig interesting to note the rtlation of the cobaltoua and nickelous 
liydroxirtes to ammoma ; aqueoua ammonia dissolves the precipitat« of 
cobaltous and nickeloua hydroxide. The blue aaimonioeal solution oE 
nickel resembles the same solution of cupric oxide, but has a. nomewbat 
reddish tint. It is cbaracterised b; the fnct that it dissolves silk in 
tbesame wa; as the ammoniacal cuprio oxide dissolves cellulose. Am- 
monia likewise dissolves the precipitate of cobaltous hydroxide, forming 
ft brownish liquid, which becomes darker in air and finally assumes a 
brightredhiie,absorbingoxygen. Theadmixture of ammonium chloride 
prevents the precipitation of cobalt salts by aminonia ; when the am- 
monia is added, a brown solution is obtained from which, as in the 
case of the preceding solution, potassium bydroxidn does not separate 
the cobaltous oxide. Peculiar compounds are produced in this solution ; 
they are comparatively stable, containing ammonia and an excess of 
oxygen; they bear the name cobaltoamine and cobaltiaminesftlts. They 
have been principally iaveatigat«d by Gentb, Fri?my, JOrgenson and 
othen. Qenth found that when a cobalt salt, mixed with an excess of 
ammonium chloride, is treated with ammonia and exposed to the air, 
aft«r a certain lapse of time, on adding hydrochloric acid and boiling, 
a red powder is precipitated and the remaining solution contains an 
orange salt. Tho study of these compounds led to the discovery of a 
whole series of similar salts, some of which correspond with particular 
higher degrees of oxidation of cobalt, which are described later,** 
CbC,N,+4KCN Gnt iaiat CdK,C,N,. which MJt with water, H,0,[ornu poUuiom 
hrdniidi, KHO, hydrogaii, H, uil tho uli, KjCoC,N,, Hen Dktanllj the preawuM of 
lb« *dd !■ fndiipeoHblo in coDKqueace of >U being teqnind to cmnbine with the alluli. 
FnuD ^aeout (clutiDDi Ihlsialt cryiUUtgeiin triLntpii[snl,hei>goni>Ipriimio[a7eUi>w 
cokUT, eMili «ilnble in water. The reiclioDa at double d«compD*ition. and evui ths 
d, aTB here complfltely the tune %a ia the oa» of ttaa 
}« Irettod in preciaelj' the tune mftuiur ai Ibal jnal 
—■onisi lot a salt ol Mbalt, deconipoiition will ocoar. 

*• Tb* tot-alt ealta maj b« divided into at leaet the loUawlng eluxo, whiob repoU 
llMIIualTn Inr Cr, Ir, Bh (we ehJill DOl atop to cooiidor the latter, puticularly a> Uwj 
dOMlf i«Mmbl> the cobalt Uilti) :— 

fall* CoX, with unmooia, ilmiUr to viirioaB other eompomida ol the aalt* ol lilrer, 
4Mipper, and even calcium dmd mB£n«iiiimt with anuoonijk- Tbe^ an eaiily Cfj* l a l1 ieed 
(rom an anLraoniafal aolution, and hiLva a pinlt eobor. Thai, for intlance. whea 
«0bdt00( chloride in Bolulion is mixed with enOlclent aminoDis b> rediuolve (be 
praeipiUte Bnt formed, oct&hcdml cr7>lala are depoiited whicb have a coRtptHitiaB 
CoClt.UfifiS'By Theae ealta are Dothing el» but oambinationi with •aunoniii of 
arjetolliBitioii— if it dut be u termed— likwung them in thii waj to oonbinatione wilh 
mW ol EryataUitatios. Thiiiitnilaritjiarrideltt both Iiom tbeir oomposilion and from 
Ibeir eapabilit]' of giving oil amtiioiiia M nrioaa Umperaturet. The moil Iraporlaat 
palnl to obaerrs {■ that all theia lalta contain S motHBle* of ammimla lo I alom of oobalt, 
•■dttiHammomaitheldinlaiilfaUblemanectkifi. Water deoompaiealheee ealta. (Niokal 
" " " " ■ ae cobaltie.) 



(&] The aolotioni ol the aboTc 



ntioned ealta are rendered turbid by the Mtioi 
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Nickel does not possoaa this property of ab/orbing the oxygen of the aJr 
when in an animoniacal solution. In order to uniierataud this distinc- 




oiygen r 












ia CoN,0„E 



ung salt! ol Ui« 
Di'tnto miy ba Ulisn u ■aciuDple at this kind ot u]|^ iU 
IHl,H/>. It diSsni Irotn cobilloui niUits, Co(NOi)„ id cdo- 
aiDJng ui eitn utiini or dijgon— Ihst ii. it correipDnilg with cobiJt dioiido. CoOi, Id 
h« wiRiB vnr (hut the fint uLU comipond with Dobdtoua oxide; tboy costiin b, ind 
idI fl. DiolecaUi of unniDitiiL, u It NUihad b«n nplued by O, buL we ihUl^Urwudt 
DHt coiopoande conUining either SNHj oi eNH, la uch ttam of cobaJl. 

(c) rfM liUcoeoballic lalti ate thui cilled becsBU Ibej baie ■ yelloir (lateni) 
slour. Thay ug abtemod trom tho inltB ot the ficat kind by aubmitling thou in dilatg 
lolutloD U) the nction of the itr ; in thta cue alltt of the second kiad >rs not tocmed, 
MicBaae Ihcy are decompoaed by tn eiceu of waler. with tho enilub 



kiDd(r 



ailta. Byth 



converted into lateocobiLltii 
uid hare k yello- colonr 
ling onoa, uid e.en for ■ . 



e ulte ol 



le fifth 



pnenlly: cryatdliae readily, uid hare K yello- colonr; Ihey uv compualively mwA 
toaie alablB thu the preceding onoa, and eien for ■ cerUin lime roaiil IhOKtlOBOf 

oobalbc Olid*, Co,0,,gH^. from Iheoi, Thii thnm Ihftt the luteocobiiliia aaJta eorro- 
■pond vilh cobiLlIio oxide, Co^i. uid thoae ol tho aecand kind with the dioxide. 
Whan a ulDlion of Inleocoballia aolpbitc, Co,(SO,1^1INHi,4M,0, l> tr»l«d with 
btryli, buium anlphaU ia pTKipiUted. tnd tho aolulion conlune laleocobkltio 
faydroiide. Ca(OH)„BNH]. wliieh ia aolnhle in water, i« pow«HDlJ> atkdinc. ■bH>r)>B 



Thia 



mil. The loteocaballic 



ic hydroxide i 



J.ID 1 ittoma of cobilt u 
f cobalt, bke the ulli of the Ifrat kind. The 
CnSt »lt> have • mctalhc tiato, wbilal tlioae of laleocobilt and othora havo > pumly 
Mline Uata, like the ulta of the alkiali malali. In tho liil«o-uill> all tho X'a react (u* 
ionlaed, M aomo ehomiaU asyl M in ofdioary ulta— tot inilanco, nil the CI, ia pnt- 
«ipita,tod by u aolntiOD of AgNO,: all the (80,)^ gives ■ precipitate with BiiX,, As. 
The donble aalt fonDed with PtCI, ia rsompoaod in tho aiine munnor s> tho potauiDB 
■]t,K^tCI,-3KCUPtCI,.Lh.t ia, containa (CoCI„flNH,)„gPtCI„ or Iba amaant of 
chlorino in tlie PtCl, li doable that in ths alkuline ult. In tfae [osa[icntiiiiiine (c), and 
toaelatrmmine (/). aalts, olaa all the X'a react or are ionlaed, bnl in Iho {j) and (A) aalU 
ooly a portion ol the X'a react, and they are eqoal (a the (e) and (/) nlli m 



Lt allhoDgh tt 
PRO] diflara from PRjO,; pt 
bean aJnady {Chapter XXI., Ni 
oxide ol chromiuin- 

Id) Tlufmtocobaltic lalli. 



.of t> 



onad retpeetibg the green i 



ned with t> 
ocllj tt 



et aalts of 



An ammoniacalaoLntianof cobalt aaltaacquireaa brawn 
nalioD ol Iheae aalU, They ara alio prodoced by tba 
dvoompoaition of aalta of the aacond kind ; thay cryalalhag badly, and ara Hparatcd from 
thalr aolutiona by addition ol alcohol or (o «»H of amnaniik Wheji boilid Ihoy giv* 
np tho aaimaDia and cobaltic oiida which thay contun. Hydrochloiic and nitric acida 
live a yallow pncipiUto with theia aalls, which tuna rod whan boiled, forming aalla ol 
the nail calsgoiy. Tlie followiug ii an eiampla of tho eompoaition at two nt the tiuca. 
oobaltic «lta. Co,0(90,)„SNU„<H,0 and Cu,OCI„BriB„BII,0. It ia evident that the 
ttuoocobaltic lalta are ammonUcal compoanda ot baaic cobaltic aalta. The nonnal co- 
ballis anlpbata ought ts have the compoaitioa Ca^SO,)} ■ Ca,Dj,BSO, ^ Iha aimpleal 
biaio aalU will be Ca,01S0v,-Co,O„lBOh and Co^tBO J - Co^i,SOy Tho liuco- 
Dobaltia aalta eomapond with (he fint typo ol baeio ulta. They are changed [in con- 
owitrated K)lDliaa() Into oiycoboltamino aalta by abaoiption ol oua 11001 ol oiygaB, 



J 
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tion, and in general the relation of nicfcel, it is important to observe 
that cobalt more easily forms a higher degree of oxidntion— namely, 



Co^SOth' ^Hw whole prooeu oF oi 
cobnttoD* Mlt, i« la Uu wloIloB (X k 
Uk(D|, than CogOXu tba b«ic cDbstLI' 
dioiids (Ind iniaa]. Ths i ' 



Ution will b« u iDllDini : first ol 
niv&leDt bsloid, 1 moleoilcg ol tho ult beiii{ 
uU {<(h Bfrics), then Ca,0,X,. the uJl of thi 
: stlti wlLh nil BCliI. 9HX, lonne vilei and i 



I tho BultB 
tOrnwd ioto ultt of the next Hiica. The nlta oF tho series thn 
coDtuDt Dolecales ot ■minoiiik to 1 ttom otcobklt, 

(() The Toseotahalli': (ot tOKpoolunine), CoX,H,0,6NH, 
eobmltic, coneHpond with the noTmol cobBltic aaltn, but eont&i] 
eitn noluula ol natei, Thua tha. aulphite ia obtainod li 
diiMlfad Is unmonia and left eipoBod tv the ui Dntil trviiFomied [nl 
Ol the ItueocobaltiD aalt : when thie !■ IreaW with aulpburioiuiii 
ol the roaeotpbaltiD Hit, Cai(BO,|,,10NH,,GH,O, sfpaiatci. The 



tMtij undentood ; i 



partol 



olphDii 



d b^lb 



icid to eii 



iiulpbat< 



11 the ji 



SBfi. Thia ult ronnl I 
Tcadit; toluble in irann i 
hjdnzida ia farmnd in 1 
It ia DbtaJDed from the oi 
(/I The ToiiUtrami 



and belong to tho typo of the lu 



Bulphalo. or 
rj put of cobalt, so that the whole pTDCDu of loimal' 
n: 10NH,+aCo90. + H,90, + <HjO + 0-Co,(SO.): 
■gODal cryatala of a red oolour, aligbtly eoluble in cold, 
■r. When thB mlphalo is treated with bujta, totcocob. 
aolntioD, which abaorba the carbonic uihldride ol the 
sorEea hj the action of alkalis. 
iCoCI„aH,0,4NH, wenobUinedby Jfiigcni 



JS Uie lull 



and TO 



doable salts, 
than the pfeccding, but also etjsli 
■Dlphoriciuid (o( a givoD atnngtl 
been added, air is |>a«ud throORh 1 
II is then evaporated with lamps i 
Ule and crystallised. A salt of ll 
oblainud. from which Lhr other sat 
(l?) ThB pitrfureocoba 



lalli. CoXi.BNH], aie alio pcodocta of the direct oildation 
Ol ammoniacal Hlotlons of cobalt talU. They aio easily obtained by heating the Toaeo- 
cobalUc and luleo-aalta with atiiing aoida. They ars lo all efteota the tame as the 
naeocohaltic salts, only anhydroos. Thaa, for instance, the pnrpuTcocohaltio chlorido, 
Co,CI.,10NH]. oc CoCli.sNH], Ia obtained by boiling the oiycobaltamine lalta with 
ammonia. Tbare lb the same distinotion between Ihaae HSlts and the preceding ones as 
between the Tuioua Dompounda of cobaltons cUoride with wsler In the pnipureo- 
Mbaltio only Xgontot the X,reBct(arsionised) To the rosetetramine aalti (/) then 
Dorreapond thv pvrjutreoteiratnino fla]ta,CoXAH^,4NHA. ThecorroapondingohroniiutD 
purptireopeDtiunine salt, Cra„BNBi is oblaioed with particular ease (Chriatenten, 1808). 
t>Ty anhydrous cbcomtam chloride is treated with anhydrous liquid ammonia ia • 
treetiug miitiue compoied of liquid CO, and chlorine, and alter eoma time tl 
is taken oat of the freeiing miitore, to thai the eiccss of NH, boils away; the Tiotet 
erj.lala than immediately acquire the red colour of the sill. CrCI],CNHi, which is formed. 
The product is washed with water (to eitmct the loleo. salt, CrCl,,SNH^, which does not 
disaolie the saJl, and it ii then rectyatsllised from a hot hjIuWob of hydrochloric acid. 

(k) The praieocobatlic lalti, CoX,.lNHj, are green, and form, with respect lo th* 
rosetetramine aalta (/), the prodncta of ultimate dehydration (For eumple, like meta- 
phoaphorio acid with reapect to orthophoiphoric acid, bat In diuoldng in water lliey give 
neither roHtelramins nor tetnustne aalta. (Id my opinion one ahonld eipect salU with 
* aUU smaller amoant of NH,, ot the blue odour proper to the low bydrated conpouuda 




give double tails with PtCU «'" 
.lNH,|a(S0,),Cl^tCl4. They are darker In colour 
liae well. They arc formed by diHokinE CoCOj in 
, and after NH, and carbonate of ai 
le wlDlioa (for oiidalioD) aDtil the latter turns red. 
' carbonate oF Bjnmonium, filtered from the precipi- 
1 composition Co,(CO,),(SO,), |SHiO,»NHil, ii thus 



lie ulU d{ Uw u 
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naquioxide of cobalt, coballic oxide, Co,Og — than nickel, capeciolly jn 
the preaence of bypocblorous acid. If ft Bolution of a cobalt salt be 

^eobftlt; (ha grean ooloorof tho proEeo-BAJbt biteftdy forma * ftt«p towudi tha b)a«.) 
JBtguion obtained aalU lot ethylesa-diKmlmi, NgHjC^ whicb replacoa IHH^ AlMr 

pboBphorio add glTea ulhopbotphoria acid, whila the roaelAtrmmiQa aalU are eoaverted 
lakopouwi-ialtabs'Ag^aikdNkHO. UenoDlf oueX ia ioniwd ont ol the X,. Thu* 

ii Ui* ehrainioni aalt called (be 

Lod by the prolonged acLka 







nDorpboni ) 



, They am the aame loiea^ 
*t o[ GiyitaUiaalion. double 
■ Kidi'lCiupWr XXI., Not* B bu). The 
(impleet oonoapLion, accoidlDg to my opinion, ol cobalt com 
by — "■"■"u apecial complei tadiolaa. wilh SebiH. WaUiien, 

formed by comiMriag tbam ir!th other umnDniu^al prodocla. Ammonia, like water, cnn- 
binei in vancna proportiooH with a multitiido of moIeqnlaB- Silver chloride and n a lni u in 
chloride, juiit tika colwit diloride, abtorb ajamaqia. Fanning pomponnib vhieb are aom»- 
timei alightlj ntable, and euiily diatcKiatail. vimetimea more iteble, ia eiacily tlie tAmt 
way aa water oombinea irith carlaia tubitanqev, (ormiog furly at^bla compoDoda nllad 
hydtoiidaa or hydnlsa, or loaa nable compounda which are called campaDnda with walar 
at siyalaUiealion. Naluially the dJBerinDe in the propettiai in both oaaei dajwid* an 
the propBTtiea of thoaa etemcnle which enter ifito tbo compoaition of tba giran anbatabca, 
not aa yet turned their 
ritb hydroBoDiie uid, if 

Hlta of hydtogan. Bat 



hoaa kinda of affinity towarda whkh chezniata have 

I. 11 boron Unorido. aiUcon flaorido. iui„ gtHnbina 

chloTidfl, and even cadmium chloride, combine with 

tpoonda may be regarded as douhla aaJta, bacAUic acida i 



plali 

evidently water and ammonia have the same aalioe faevlly, more eipeci 
b^oid aaida, contain faydrogea, and are both capable of furthar comblnatJOD — lor inab 
■iHiwwiifc with hydrochloric acid. Heooe it ia aimplar to oompafe complei ammozL 
vitbdonbta aalta, hydrv^a, and Bimilar compounda, but the ammonto-mittxltie , 
pceaent a nVMt eomplela qualitative and quantitative reaemblance U the kf)d<nUd 
c/ wuEoIi. Tba compoailion ol the latUi la HXiimBvO. when M -^ metal, X ■ 
haloid, aimpla or uomplei, and » and « the quaatltiea ol the haloid and eo^called * 
ol aryatalliaalioo reapeotively. The compoaition of the ammoniacaJ aalt* ol meta 
HXiniNH,. Tba water of cry ittlhaalion i> held by the aalt with man 01 ten aUbilily. 
■oine aalte even do not retain it at all ; aonta poxt with water eaaily when eipoaed to tb 
olhera vhan heated, ud then with diffimilty. In the caH ol lona nelala all ' 
bine vith water, whilal with othera only a lew, and the water ao oombinad 
aaaily diaongagsd. All thia appliea equally well 
combinaLiDO of ammonia may be tannad Iha at 
■ratarwbiohia combined 



m ba 
. Jualaatha 



•a o/ OTvUAUMofior 
h a aalt ia bald by it with different dagraa* of brea, ao 
ith 1NB„ PiCl, (volvea 11,000 cala. ; whila CaCl, only evolvea 
d Ibe lormel compound parU with iU NHi Itogalhar with ECl in Ifaia 
< difficulty, only above WO', while the latter diaangagaa UBinoBiaallB(r>. 
lorming ZnCI^ tNH, evolvea only 11,000 call., and aplita op again into 
at S0°. The amount ol oimibiiiad ammonia ia aa variable aa the unonnt 
il48NHa,Cra,8NHhGiCl,aNHkCtCI^NHi, 



PtCl(«KBa, Ac an bowD. Tayol 



nKBafa 



abrOHaU 
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mixed witb barium carbonate nnd an escesa of hypocblorous acid be 
mdded, or chlorine gas be passed Ihroagb it, then at the ordinary 

ooleuTlen, uhydiooi cupiia ult— foe iniluae, Enprto mlplute- 



lised Hith 



II Bh 



u. CdSO.,SNU„ Ibe i 






I the ult ftbtorbs vnter uii) bcoonieB heitad ; if 

Wrth wuter CuS0„5U,0 i> lormed, ud wilh 
Iter iiul. uomania molecules rctuiud bjr tha 
> proof o( (bis, tai thkl it ii not ko iaakwd 

iKh otber, and [anning tha 



toincidenH, Ihs 

■aontiveljr^molflculii for iuoJccuIa, u-o cnp.iMe t,f topplonting 

Wnpounde CuSO„sH,0. CuSO„lH,0,NUj: Cu90„3H,O, 

r: C«BO(,H^.(KH„ and CaSO,.ENHj. Tha Uit □[ Ihesa compoa 

I Butt; Boaa, mnd my eiperiiuenta faiii>« ahown tbit more EmuDonii 

'id. 6j adding to a ttcong lolution ol cupho BuIphBlo • 

IS the whale of the oiida precipitated, uid then adding alcDbi 

the compaiind CuSOi.H^O.lNHj, &c The Uw of auhilitution alv 

hjdroiide, NH^O, and therefore theie moleculea conibiDing with 
interchAjife. aa being of equal value. In generaJ, thou} 



, Beculiui oblaioed 



vnpoundi which ai 










acida, and ai 


wme o[ the ulte lom 


edhy 


■lighUf energetie b»». in 


(heir propeniei m 




■etoblo a=id. (that ii, u 


liof 






e., WB might c.pecl to Bnd 


M» aUbU and more 




nio-meUUie lalti »ith metali and 


tl.eil' 


WidM binng weaker has 


epropertienthanw 


h tkow whic 


form energelio baaea. 


Thi» 


apUIiu -hf the calle o 


pDtiiiaiam. harium 


&■:.. do not 


onn ammonlo-metdlio 


«lt.. 


Whilft the aalti ct >ilver 


copper, line, *e„ e 


agily form them, and Ibe aallo RX 


aliU 


■Ron euilf and with gre 








great 


MabHltJ of the ammc>ni» 








Mide, ainoe Ibe lotnior ia 


diia>l«»d by the 1. 


tier. It alB 


enableineloeee clearly tha 




the lUbiJit; of th 




ult. containing aalU 


corre. 


ponding with eobaltoui 


tide, aud thute co 




lb highec oiidei of c 


objt. 


(or 111* Ultet are weak 


r baeee than oobaltooB ovidea. 


The «aluTi, Qf th, fort-* 


and quota f <•/ tJii phmo 




■ing tht fonn, 


aHor.qf(ABmo.iHa(-I 


nk 


rt-««,o«do/.«*«™ 


lounrb 01 trj/tltiltUabU compa 


n<fg, art oM ond (A« 


flf«, 



■Ukwf k prthaf exhibi 






ill Icnowi 



IDBI, with w 



lo gravil. 



>cid,C]U,0,(>pecifir 
rale, C,H,0»H,O,denMr (107} than either of the com- 
aaily daooinpowd, gnneially aimply referred to ae a 
aolotioa. Such also ii the cryatallino compound ol oulio acid, C,H,Ot, with water, 
OAO„SK,0. Their [ormadon might be predicted aa atarting fmni the hydrocarbaD 
0|H|, In which, aa In any other, the hydrogen mny be eicbaoged lor chlorine, tho 
■■tar rHJdiM (hydroiyl}, &o, Tha Bnl inbatitution product with hjdroiyl, C,Hj(HO), 
batabla; it can be diitilled without alteration, reaiite a temparatun higher than 100°, 
and then dote not give off waUr. Thia ii Drdtnsry alcohol. The eecond, C,H,(HO|], 
cu aUo be diitilled withool change, but can be decompoud into water and CH.0 
(ethylene oiide or aldehyde) ; it boila at about 197°, whiht tho first hydrate boiU at 18°, 
a diBannee ol about 100° The compound C^,(HO), will be the third prodnot ol inch 
nbMitntion ; it oughl to boil at about 1100°, but doaa not reeiat thia tcmperatuia— it da- 
aompoMa into H,0 and CtH^O,, where only one hydroiyl group lemaini, aod tha othst 
atomoloiygen ii left in the lame CDnditianaainethyler.eaiide,C,H,0. There il a prool 
of thia Glycol, CHilHO),. boila at 1S7°. and tDnni wat« and ethylene oiida, whiab 
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tempemture on shading, the whole of the coWt will be aepKratoA 
in the form of black cobaitic OKide : SCoSOj + CIHO + 2BaC0, 

ttSl°); lluietore th< produd discngigi^ by 
4" lower Itau Lhe bjirUe C]H,(HO)i. Tbn 
lEl >1 (beat 300°, ipliti up in euctly ths him 
ifaich boilt U 11I°— thit ia, neulf 1SS° lonr 
I fafdnte ipliti Dp b*toH diriillntlan, Tk* 
it ftucfa b decomposable hydnte — tlul in to 
■Ubitity aij bscipecled Ftdiii the [oHowing 
i A hydrate (il conUina two hyimjl 



hoUt at 18° (ildohrde, iti isomeride, boili 
Ibe ipJitling up of the hydrate boile ^ 1 
the hidrate C,U,(HO}„ which ouglil U, b 
w»y into witer uid the prodiul CgSjO,, 
th» Uio faydnte, CH,(UO),. BdI thi 

uy, >hit il called ■ solution. Slill Ids ilabiti' 
hydralM. C,H,(UO), iIh ipliUnp into witsr n 
ntoupt) c*]led glycollic add, C,H,0(HO|,-C,H 
will be 0,H(HO),i il spliti up into water, H,0. ud elyoiylic add, C,H,0, (ttuM 
hydroiyl gronpe}. The Ian hydrale which onghl lo be obUined from CfHt, and ongU 
(0 coalain C,(UO|,, ia lhe cryiUlline compound of oulia acid, C,I1,0, (two hydroiyl 
gr«ip>),Hid water, SH,0, >bkh bu b«n ah«ady mentioned. Ths bydrate CilHOh 
•=C,H,0,.lBiO, Dogkt, aowrdiDg to the longDlng Touoning, to boil at aboot SOD" 
(beeauiBIhnhydtate,Cta,|HO),, boilt at about S0O°, and the lalwtilnLignrrf* bydco^ 
groupe (or i atomi of bydrggen will raise the boiling-point 400°). It duei not reiiit Ibii 
ieDipenlan. but at a mDch lower point tplile np Into water, 1B,0, and tha hydrate 
C,0,(HO)„ whldi is also capable of yielding walej. Wilhonl going into futther dit- 
cQaeion of tbis eubject, it may be obwn'ed that the forraatioa of the bydratni, or com- 
pounds witb water of cryitaUiuticQ, of acetic and oxalic adds baa thus ncciTed ad 
accural* eiplauatioD, illtutrating lhe point ns deiiied to prove in affirming thai ohb- 
pDDDdi with wntat of cryBtaJUaation are held togotbet by Die >ame force* a> thoae which 
act in lhe formation Crt other complex ■ubilaacea, and that the easy dispUceabilitj 
of lhe WBlct of eijitalliHition if only a pecolianty of a local character, and not 
B radical poiol of diatinotioo. All tha abgie-mentioaed hydrates. C,X«, or pn- 
docLs of their dsitrnctioa. are actually obtained by the oiidation of the Bnl faydntst 
C,H,(BO|, or common alcohol, by nitric acid (SokoloH and othero). Bencc the force* 
which induce salta to combine with nn,0 or with NH, are undbobtedly of the mw 

pounds. (A great impediment in the study of the fonnei was caused by the ooBvictioa 
which reigned in the siitiea snd seventies, tliat 'atomic' were esKntisUj diflerent 
from 'Jnolecular' compounds like cry tlallohyd rales, in which it was assuined thai 
then was a eombiuation of entire molecule^, ai though witbcut lhe partieipation nf tha 
■lamic fomsj If tha bond between dilorine and diBennl metals is doI equally Strang, 
so also tha bond uoiting nH,0 and nKUj is exceeding variable; there Is nothing vei; 
Borprising in thia, And in tha tact thai tlic combination of diaereot amounts of MU| 
•ilid H,0 alters ths capacity of the haloida X of tho lalu RX, tor reaction (for iaitanca, 
Id the lu tea-salts all tb* Xu while in the purpurea, only lout of the S,and in the prsieo- 
sails only 1 of the S X's roaclij, we should we In the first plscc a phencmenoD similar 
to what we met with in Cr,Cl, (Chapter XXI., Nate T bis), for in both inilancei liie BUOnea 
of the diSerence lies b, the removal of waM; a molecule RClj.SHp or RCl^GNHj 
ooniaiss lhe halogen Id a perfectly mobile (ionised) slate, while in the molecnla 
BClj,tH,0 or BCI1.DMH, a portion of the halogen has almoil lost its faculty for reaclini 
will) AgNOt jssl as neialepsical chlorine has bi^l Uiit faculty which la fully developed ia 

ordinary points of view and generalisatinn can giva a clear answer. However, we may 
■Mome that here the eifilaoatioa Uea to Ibe nature and kind of motion of the atonii ia tha 
moJcsmlei, although as yet it is not clesT how. Net^rthclosa, I think it well to eaU 
■tIeDlion again (Chapter I.) to the fact that lhe combinalion <rf water, and hence, also, 
rf any othsi eleanml, laadi lo most diverse consequence*: lb* water is the gelstinou 
kydrats of aluniiu or in the decahydnted Olanber salt ia very mobile, an ~ ' 



m 

J b» ^H 



la water In a trea slate ; bat the ■ 



M water eombined with oiide ol oalciu 



(tor iuUiKt, in <^sO and in C,H,„0], or with Pfii, has become q«He diSere 



■rC^ 
and no 
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>:Co,0,+ 36aS0t + HCI + 2CX>,. Under these circumstances nicketous- 
oxide dnes not immEdiiLt«ly form binok lesquioxide, but after a consider- 
able space of time it also separates in Iho form of sesquiSnide, Ni,0,, 
but always later than cobalt. This is due lo the relative difficulty of 
further oxidftlion of the nickelous oside. It is, however, possible to 
oxidise it ; it for instance, the hyjroxide NiHjOj be shaken in water 
and chlorine gas be passed through it, then nickel chloiide will b« 
formed, which is soluble in Xvater, and insoluble nickelic oxide in the 
form of a black precipitate: 3NiH,0j + Clj=NiCl| + Ni,0,.3HjO. 
Nickelic oxide roay also be obtained by adding sodium hypochlorite 
mixed with alkali to a solution of a nickel slalt. Nickelic and cobaltio 
hydrates are bbck. Nickelic oxide evolves oxygen with all acids, and 
in consequenceof this it is notscpnrated as a precipitate in the presence 
of acids ; thus it evolves chlorine with hydrochloric acid, exactly like 
manganese dioxide. When tiickelic oxide is dissolved in aqueous 
ammonin it liberates nitrogen, and an ummoniacal solution of nickelous 
oxide is formed. When heated, nickelic oxide loses oxygen, forming 

longsr uti like irnler in > frto tU-U. We (m Ui<i s&tns (henomcaoa <d mmy olher 

•ilrar with AgKQ,. Thiu, tttlioDEh the initinco nlUcli i* toond In lbs diSDnncn 
bMvMn lb* rouo- >Dd piupuiei>>ulta deurvea to be Fully itndled oa uconnt of its sim* 
plicilf , (till it it (u froni being eiceptiood, mad we cuuiot eipect it (o be Ibnronghlr 

ebemicad coinponndi, b« conjointly eipluned. (Among the reBeucboi which idd to 
oar knowledge reipectlng the complex ammoDiaciil eosipounds, I ttuok it indiipeauble 
to cell the reedec'B mttenlion to Pn>[. KonnukolTB diuertition 'On complei meti]1ie. 
Um>,' IBM.) 

Kouni&kaB (IBBt) thowed t>il tbs lolubilitr of the luleo-ult, CoCljiDNHh nt tV 
■•I SO (per IOOdI weter),at S0°-7'T,Ihat in puling into the ni>eD-Hlt.CoCljH,OJNHi, 
the Kluhillty t!«B eoniideiebly, end tt 0°^le4, en^ el S0°>.iiboDt 17, whilet the 
pueege into the pDipDnii>BaH, CoCi],ENUi, is ucoippuued by ■ gmt (ill in the 
wlubilily, namely, et0°-0'33,snd it SO°^(bout 0-E. And ■aeiyBtellDhydretet nitb ■ 
•miller uaoDnt of water ere nioklly more eolabla tbu the higher cryiUllDhydtitee (Le 
Ch>lelier),'whil<t here we find that the loluhility telle (in the pnipiirea-Hll) wilb e Imi 
of water, that w&teT which ia eonteinnd in the roaeu-aalt cannot he conipared with the 

peieage of the ToaeD- into the purpureo-ealti) with the Accompanying lou in the reactire 
Mpecily of the chlorrne. 

In tODclDDOD. it iDiy be observed that the elcmerita ol the eighth gnap— that ie, tba 
■oakgaee of iroD and pUtmorn— according (o my opinion, will yield moat fmilful rciulta 

of COIDplM ammoniacal, cyanogen, nilro-.ond other compounda. which ere euily lormed 
lotfaiiaighlhgroap, and uorcDuuliabledu their aUbilily, Tbie lunlty oI the elementa 
«t the eighth group for fonning the complei compoDodt alluded to, ia in all probability 
eouneeted with the poiilion which the eighth group occnplei oilb regard to the othera. 
Following the Hventh. which tonne (he type RX,, It might be eipeeted to eonlun the 
moat oomplei type, RX,. Thie ia met with in 0»0,. The other elementa of the eighth 
gronp, however, only form the lower typea RX,, RXj, RX, .... and Iheee accordingly 
(bootd be eipected to aggregate thcmeelvae into the higher typea, whiah la aocom- 
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niekeloaa oiide. CobalMo nxide, Co,Oj, exhibits more stability tti»n 
nicketic oxiile, and shows feeble basic properties ; thus it is dissolved 

ftcelio acid without thocFolationof oxygea."Wi gut ordinary add*, 
especifm; on heating, evolve otygen, forming a solution at a cobaltoas 
The presence of a cobaltic salt in a solution o£ a oobaltoua salt 
mn; be detected by the browa colonr of the solntlon and the black 
precipitate farmed by the addition of alkali, and alio from the fact that 
Huch solutions evolve cblorine vhen heat«d ^tb hydrochloric acid. 
Cobaltio oxide may not only be prepared by the above-mentioned 
niethods, bnt also by heating cobalt uitrat«, after which a steel- coloured 
mass remains which retains traces of nitric acid, bat when heated 
further t« incandescence evolves oxyj^en, leaving a compound of 
oobaliic and cobaltous oxides, similar to magnetic iroostone. Cobalt 
(but not nickel) undoubtedly forms besides CojOj a dioxide. CoO,. 
This ia obtained " when the cobaltous oxide is oxidised by iodine or 
peroxide of barium." 

»•"• MunhiU (laoi) ohti 
■iKttie CDmuit apsn ■ iUdu 

" The Htioa of sn Uli^iae hTponhlorite or hj^wbromite npoa ft boiling »1ation of 
«ob>lloni ttllt, uoacdini; to SdirocleraT (1BS9|, prodaDM oildei, fhoie compoeilion 
Tsrio bctaMD CojO, {Boh'i compooDd) ud Co,0]. ud tlK bntwsca Co^O, lad 
COi,0,|. If cmitia potuh kad Uibd biomine bs iddod (o the liquid, cnl; Cop, [■ 
(oRBed. The utian ol ilkdiiie bfiXH^hloHUi or hypo-bnimitei, oc of iodlno, npon 
flabkltis Hits, gives ■ highlf-caloiuw] precipiUte irhich hu • diSercDt colnar to the 
lijrdnta of tb* aiide Ca,(OII)^ Accoiding to Cunot the pTsoi[»Ute ptodnced by (he 
bjrpochlDnL^B h» ft compoftitioa Coufi^q, vbilil that gWeu by iodine in the prvaence of 
fta ftUulI Donlftini « lirgei ftmomit of oiygm. FartiuftaD (IB91) Tainvaitigftlcd tha 
compoeitioii ol the higbai oijgeo oiide obUuned by iodine in the (itBMace ol ftlkili, end 
foood thftl tb* giessiih precipitftte [whiob diutisftce* oxjgBs wbm beftlftd to 100°) 
eoimpoad* lo the foimalft Cob,. The reftntian mnit be eipreusd by the equlloD: 
CoXi+lt+lKHO-CoOt+SKX + lSI + aUiO. 

" Piioi to FortmuD, Bonuua (IHSS) eDdeavonred la ftolve the qneition ft< (0 
wbfttbar CoO, we* ftble to oambbie with binet. Re aacceeded in obuining e buium 
aoBpmuid eotmpcudiDK to Ibia oxide. Fifteen ptsat of BaCI, oi BiBc, are tritnnUd 
■rjtb t-< gnune of Slide o( bariam, ftnd tha miiture heated to redneM in a ctoKd 
jlsliaiini erneible ; 1 grem ol uide of eobilt i> then gradually added to the fiued mau. 
BmIi addition of oxide ia aocompanied by a Tiolent disengagement of oiygen. After a 
■fcort time, however, the nuai Idim quietly, and a aalt Blllea ft the bottom of the 
«RKlbl4, Fhifh, Khen t»ed [ram the reiidse, appoan u bUck hciagonal, very brilliant 
oryatala. In dlHoIring in water this inbilance erolrei chlohne ; ila cnmpontion corre- 
i^onds to the lonnsht 9(CoO,)BaO, If Uie Drigiott mau be aealad for ( long time 
(40 houn), the amonnt of dlo:dde ia the resultant maai dncBusea, The author ob- 
lained a neuttal aalt having tha eompoaitlau CoO.BaO (this eomponnd -BaO,CoO) 
liy biMhing op the mass u it egglomerala togelbei, and bringing the piece* lulo 
Wvwl with tbs more bealad anifaoe ol the omcible. TJiia salt is formed between th* 
wmawhal narrow limita ol tamparatoie 1,DOO°-1,100°; above and bilow (beu limit* 
MmpModa ridui or poorer la CoOi tn tonoed. The loimalion ol CoO, by the actios 
«t BaOi, ud Ihi Msy daeonpOBitiaBot CoO) with the evolution ol oiygen.git* rwisea 
Im IhlaklDg that it bd<wp to the slau of pwisidei (like CrjO,, CsO,, Sic.) : it >■ not yrt 
known whoUiet Uwy give petoiide of hydrogen like lbs troe pcmides. The fact that 
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Nickel alloyH po&seaa qualities which render them valuuble for 
technical parposeg, the alloy of nickel with iron being particularly 
remarkable. This alloy ia naet Xrith in nature as meUorie iron. The 
PallasoSsky mass of meteorio iron, preserved in the Bt. Petersburg 
Academy, fell in Siberia in the last century i it weighn about 15 cwt. 
and contains S8 p.c. of iron and ahout 10 p.c. of nickel, with a 
small admixture of other metale. In the arts Gemum silver ia most 
extensively used ; ib i» an alloy containing uickel, copper, and zinc in 
rariouB proportions. It generally consists of about 50 parts of copper, 
25 parts of ziuc, and 35 parts of nickel. This alloy is chBracterised by 
its white colour resembling that of silver, and, like this latter metal, it 
does not rust, and therefore furnishes an excellent substitute for silver 
ID the majority of cases where it is used. Alloys which contain silver 
in addition to nickel show the properties of silver to a still greater 
extent. Alloys of nickel are used for currency, and if rich deposits of 
oickel ar« discovered a wide flcld of application lies before it, not only 
in a pure state (because it is a beautiful metal and does not rust) but 
also for use in alloys. Steel vessels (pressed or forged out of sheet 
■teel) covered with nickel have such practical merits that their manu- 
facture, which has not long commenced, will most probably bo rapidly 
developed, whilst nickel Hteol, vhich exceeds ordinary steel in its 
tenaoity, has already proved its excellent qualities for many purposes 
(for instance, for armour plate). 

Until 1890 r\o compound of cobalt or nickel was known of sufficient 
volatility t« determine the molecular weights of the compounds of these 
metals; batinI890Mr. L. Mond, in conducting (together with Langer 
and Quincke) his researches on the action of nickel upon carbonic oiide 
(Chapter IX,, Note 24 bis), observed that nickel gradually volatilises in 
a stream of carbonic oxide ; this only t&kes place at low temperatures, 
and is seen by the coloration of the flame of the carbonic oxide. This 
observation led to the discovery of a remarkable volatile compound of 
fueid and carbonic oxide, having as molecular composition Ni(CO),;" 
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as determined by the vapour deas\tj and depression of the freedng 
point. Cobalt and many other metuls do not Corm volatile compoonda 
ander these conditions, but iron gives a sicailar product (Note 26 bii). 
Ki(CO)t ia prepared b; tabitig finely divided Ni (obtained bj reducing 
KiO by heating it iu b, Etream of hydrogen, or by iguiting the otalata 
NiCjOj)** ond passing (at a temperature below SO", tor even at 60° 
decomposition may take place and aa explosion) a stream of CO over 
it ; the latter carries over the vapour of the compound, which condenses 
(in a well-cooled receiver) into a perfectly colourless eitremety mobile 
liquid, boiling without decocaposition at 43°, and crystallising in needles 
Bt-a5''(MoudandNaBini, 1891). Liquid Ni(CO), has a «p. gr. 1-356 
at 0°, is insoluble in water, dissolves in alcohol and benteoe, and bumi 
with a very smoky flame due to the liberation of Ni. The vapour when 
passed throu):h a tube heated to ISO" and above deposits a brilliuit 
coating of metal, and disengages CO. tf the tube be strongly healed 
the decomposition is accompanied by an ciplostOD. If Ni(CO), as 
vapour be passed through a solution of CuCl,, it reduces the latter to 
metal ; it has the same action upon anammoniacal solution of AgCI, strong 
nitric acid oxidises Ni(CO)„ dilute solutions of acids have no action ; 
if the vapour he passed through strong sulphuric acid, CO is liberat«d, 
chlorine gives NiCl and COCl, ; no simple reactions of double decom- 
position are yet known for Ni(CO)„ however, so that its connection 
with other carbon compounds is not clear. Probably the formation of 
this compound could be applied for extracting nickel from it ores." 
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CHAPTER XXIII 



Thb «ix motels : ruthetiiup, Ru, rhodium, Rh, palladium, Pd, osmium, 
0», iridiom, Ir, and pUtiaum, Ft, are met, with associated together in 
nature. Platinum always predominates over the others, and henoe 
thej are known as the plaiinum mctaJi. By their chemical charooter 
their position in the periodic Hystem is in the eighth group, correspond- 
ing with iroo, cobalt, and nickel. 

The natural transition from titanium and vanadium, to copper and 
line by means of the elements of the iron group is demonstrated by all 
the properties of these elements, and in exactly the same manner a 
transitjoD from zirconium, niobium, and molybdenum to silver, cadmium, 
and indium, through ruthenium, rhodium, and palladium, is in perfect 
accordance with fact and with the magnitude of the atomic weights, aa 
also is the position of osmium, iridium, and platinum between tantolam 
and tungsten on the one side, and gold and mercury on the other. In 
all these three cases the elements of smaller atomio weight (chromium, 
molybdenum, and tungsten) are able, in their higher grades of 
oxidation, to give acid oxides having the properties of distinct but 
feebly energetic acids (in the lower oxides Iboy givo bases), whilst tb« 
elements of greater atomic weight (zinc, cadmium, mercury), even in 
their higher grades of oxidation, only give bases, although with feebly 
developed basic properties. Tho platinum metals present the same 
iatarmediate properties such as we have already seen in iron and the 
elements of the eighth group. 

In the platinum metala the intermediate properties 0/ feeUy aeid 
and /tebly ha^ic metals are developed with great clearness, so that 
there is not one sharply -defined acid anhydride among their oxides, 
although there is a great diversity in the grades of oxidation from tbs 
type RO, to RgO. The feebleness of the chemical forces observed in 
the platinum metals is connected with the ready decomposability of 
their compounds, with the small atomic volume of the metals them- 
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selves, and with tbeir large atomio weight. The ozidei of pUtinnm, 
iridium, ond osmium can scarcely be termed either basic or add ; they 
are capable of combinations of both kinds, each of which is feeble. 
They are all intermediate oxides. 

The atomic weights of platinum, iridium, and osmium are neady 
J'SI to 196, and of patkdium, rhodium, and ruthenium, 10-1 to 106. 
Thus, strictly speaking, we have here two aeries of metals, which 
are, moreover, perfectly parailel to each other ; three members in 
the firat series, and three members in the second — namely, platinuid 
presents an analogy to palladium, iridium to rhodium, and oemium 
to ruthenium. As a matter ot fact, however, the whole yroup of the 
platinum metals is characterised by a numbfr of common propertUt, 
both physical and chemical, and, moreover, there are several points of 
resemblance between the members of this group and those of the iron 
group (Chapter XXII.) The atomic volumes (Table III., column 18) 
of the elements of this group are nearly equal and vtry gmatt. The iron 
metals have atomic volumes of nearly 7, whilst thot of the metals allied 
to palladium is nearly 9, and of those adjacent bo platinum (Pt, Ir, Os,) 
nearly 0-4, This comparatively small atomic volume corresponds with 
the great infasibility and tenacity proper to all the iron and platinum 
metoht, and to their small chemical energy, which stands out very 
clearly in tjio heavy platinum metais. All the platinum metals are 
very easily reduefd by ignition and by the action -of various reducing 
Agents, in which process oxygen, or a haloid group, is disengaged from 
their compounds and the tnelal left behind. This is a property of the 
platiQum metals which determines many of their reactions, and tho 
oiroainBtance of their always being found in nature in a native tlate. 
In Russia in the Urals (discovered in 1819} and in Brazil (1730) 
platinum is obtained from alluvial deposits, but in 1692 Frofesaor 
Inostrantsefi* discovered a vein deposit of platinum in serpentine near 
Tagil in the Urals,' The facility with which they are reduced is so 
great that their chlorides are even decomposed by gaseous hydrogen, 
especially when shaken up and heated under a certain pressure, Hence 
it will be readily understood that such metals as tiac, iron, iic,, separate 
them from solutions with great ease, whiob fact is taken advantage of 
in practice and in the chemical treatment of the platinum metals,' ^ 

■ WaUi uid Penfiald (1838) hsvo detcribed ■ mlncnl ipenjlliU foaad <D l)i» Cimuliui 
gold-bfttriflg qouti uid ooniltting of pUtiuiua diuuaide, FtAig, It ib m DoticviJjIe F^ct 
thsi Uui minenl sleulT coofirmi tbe p<nitioD of pUliDum Id tha ume group u itoo, 
buaM it oomipandi in iijitallUia lotni (regnUr Mjbkbsdren) wl cbemieU compoiitloD 
■Itb inn pT">**i V*St. 

■ '» S<nDs light <■ thnvn opon the facility with vhisb th* ptUumra compoDnda 
dwumpOH b; TbmiHn'i duU, thawing IhU in m aiuu o( HiK«r ( -f Aqj tha lonnktiw 
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All the platinum metals, like those of theiron gronp, are grey, with 
ft comparatively feeble metallic lustre, and are very infusible. In this 
respect they stand in the £ame order as the metalfl of the iron series ; 
nickel is more tusiblo and whiter than cobalt and iron, ao also palla- 
dium is whiter and more fusible than rhodium and ruthenium, and 
platinum is comparatively more fusible and whiter than iridium or 
osmium. The saline compounds of these metals arc red or yellow, like 
those of the majority of the metals of the iron series, and like the 
latter, the different forms of oxidation present different colours. More- 
over, certain complex compounds of the platinum metals, like certain 
complex compounds of the iron series, either have particular charactar- 
istiu tints or else are colourless. 

The platinum metaU are found in nature aaoeiaUd together in 
alluviai dcponlt in a lev localities, froin which they are washed, 
owing to their very con&idorable density, which enables a stream of 
water to wash away the sand and clay with which they are mixed. 
Platinum deposits ure chiefly known in the Urals, and also in Braxi) 
Uld a few other tocalitles. The platinum ore washed from tbeM 
alluvia] deposits presents the appearance of more or less coarse graioa, 
and oometimes, as it were, of semi-fused nuggets.' 

All the platinum metals give compounds with the halogens, and the 
highest haloid type of combination for all is RX,. For the majority 
of the platinum metals this type is exceedingly unstable ; the lower 
compounds corresponding to the type RX,, which aro formed by the 
separation of X„ are more stable. In the type RX, the platinum 
tnetals form more stable salts, which offer no little resemblance to 

from plitipiun, of luch a doable ult u PlCli,aKa, it usompui^ bj % corDpimliialj 
■nuU ■volnlign ot hut («» Chipler XXI., Note ID), rsr IniUmce, Pl4a, + 9KCU&i| 
0DI7 evolie* iibout SS.OOO alarien rhcncs the teulion, Pl4-Cl, + Aq,. will eiidentlj 
dlKragBgB Mill leii, b«aDH PtCI, f 3KC1 aTolrn ■ cartuD UBonal of hnt), whilit OD 
tlia olher hand, Fo+Clj + Aq gives 100,000 e»loriea,»nd even Ihp re«tion wilh coppM 
(tot lbs fDroklion ol the double ult) evolvei 63.000 ctloriei. 

■ The Urges! i.mooDt o[ pUlinnm [a eitrarted in tbe Unli, eboat Bve too rmnuullf. 
A certiiia unoanl of gold u eitnclvd tiom the wuhed plmtinain bj meuii □[ mercnij, 
■bich doei not diinolva Ibe plntuium Dtet^ls bot diBsoIiei ths gold ucompuij-jng tha 
plktiDiini Id its om. Hareover, the am ol pUtlnum itwiyt MOlain metali of tba iroo 
■uiM Hwidaled with them. The wuhed ud mechuucally urled ore in lbs aiajoiily 
ol«Kii<roiiL&ini>baolT0lo8ap.c. or pUlinam, iLl>oiitS(oSp.c.Df iiidiam,iiid Ksomg. 
wlwt miJler qouititj of ogmiam. The other platmam metili — pAllediDin. [bodiam, uid 
ntheaiDm — oooar m idibJIcf proportionB thui Iha three ■1>0Te n&med. Sometimee gtauil 
ol Almoflt pare oemi uin- iridium, wnC&infDg only it imall qafentitj of oLher mvlaJe, ua 
foniid in pUtinom ores. Thie ofniium-iridiam may bo oiisily (epamWd (rona Oie olhai 
plitinam moteli, owing to its being neerl; insoluble in itqo( regiiL. bjr which the lUtn 
" re gnuns of pUtiDam which 4re DiKgnetie. The gr^as of 
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the kindred compounds of the iron series— for example, to njckelou 
chloride, NiCl^, cobattous chloride, CoCl,, itc. This even expresses 
itself in a simikritj of volume (pktinous chloride, PlCl,, volume, 46 ; 
nickelous chloride, NiCl, = 50), althougli in the type RX, the ti 
iDetaU give verj stable compounds, whilst the platinum metals fre- 
quently reiLct after the manner of subosides, decompoting into the 
metal and higher types, 2RXi = R + RX^. This probably depends oa 
the facility with which RX, decomposes into R and X}, when X, 
combines with the remaining portion of RX, 

As in the series iron, cobalt, nickel, nickel gives NiO and Ni,0), 
whilst cobalt and iron give higher and varied forma of oxidation, lo 
also among the platinum mctala, platinum and palladium only give the 
forms RX, and RX„ whilst rhodium and iridium lorm nnother and 
intermediate type, RXj, also met with in cobalt, corresponding with 
the oxide, having the composition R,0), besides which they form 
on acid oxide, like ferric acid, which is also known in the form of 
■alta, but ia in every respect unstable. Oamiurn and rTithinium, like 
manganese, form still higher oxides, and in this respect exhibit th« 
greatest diversity. They not only give RX„ RX„ RX^, and RX(, 
hut also a still hightrform of oxidation, R0„ which is not met with in 
any other series. This form is exceedingly characteristic, owing to the 
fact that the oxides, OsO^ and RuO,, are volatile and have feebly acid 
properties. In this respect they most resemble permanganic anhydride, 
which ia also somewhat volatile.' 

When dissolved in aqua regia (FtCI, is formed) and liberated from, 
the Mlution by sal-ammoniac ( (NH,), PtCI^ is formed) and reduced bj 
ignition {which may be done by Zn and nthcr reducing agents, direct 
from a solution of PtCI,) platinum ' t^' forma a powdery moss, known 
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M apODgy platinum or pUtduum block. If this powder of platinum bs 
heated and pressed, or hammered in a cylinder, the grains aggregate or 
forge together, and (orm a continuous, though of course not eutirelj 
homogeneous, mass. Platinum was formerly, and is even aov, worked 
up in this manner. The platinum money formerly used in Russia was 
made in this waj. Sainte-Clairo Deville, in the fifties, for the 6rat 
time melted platinum in considerable quantities by employing a special 
furnace made in the form of a small reverberatory furnace, and com- 
posed of two pieces of lime, on which the heat of the oxyhydrogen flame 
has CO action. Into this furnace (shown iu Sg. 34, Vol. I. p. 17?) — or, 
more strictly speaking, into the cavity made in the pieces of lime— the 
platinum is introduced, and two orifices are made in the lime ; through 
one, the upper, or side orifice, is introduced an oxyhydrogen gas burner, 
in which either detonating gas or a mixture of oxygen and coal'gas is 
burnt, whilst the other orifice serves for the escape of the products of 
combustion and certain impurities which are more volatile than the 
platinnm, and especially the oxidised compounds of osmium, ruthenium, 
and palladium, which are comparatively easily volatilised by heat. In 
this manner the platinum is converted into a continuous metallic form 
by means of fusion, and this method is now used for melting consider- 
■ible masses of platinum * and its alloys vith iridium, 

•boot Um how lima Teanuit ditt>ngDiiih»l iridium ud oimliini id it. PtofiiiHT Clui, 

Id Uxm, ud to liim u-g dne nunf imporUnt diKoiuieB iriUi regud to Uie» elsmaDll, 
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To obtain pure platinum, tbe ore U treated with Aqua re^a in whkb 
odI; the osmium and iridium are insoluble. The solutiou cantos the 
platinum metak in tbe form BCl,, and in the lower forms of chlorina- 
tion, RCI3 and RCI], because some of these metals — for instance, 
palladium and rhodium — form such unstable chlorides of the tjfpe RX^ 
that they partially decompose even when diluted with water, and pass 
into the Btable lower type of combination ; in addition to which the 
chlorine is very easily disengaged if it comes in contact with substances 
on which it can act. In this respect platinum resists tbe action of 
beat And reducing agents better than any of its companions — that u^ 
it passes with greater difficulty from FtCl, to the louer compound 
FtCI,. On this is based the method of preparation of more or leaa 
pure platinum. Lime or sodium hydroxide U added to the solution in 
aqua r^ia uutil oeutrolised, or only eontaining a very slight excess of 
alkali. It is best to first evaporate and slightly ignite the solution, in 
order to remove the excess of acid, and by beating it to partially con- 
vert the higher chlorides of the palladium, i'c, into the lower. Tho 
addition of alkalis completes the reduction, because the chlorine held 
in the compounds RX, acts on the alkali like free chlorine, converting 
it into a hypochlorite. Thus palladium chloride, PdCl,, for examplei 
is converted into palladious chloride, PdCl,, by thii means, according 
to the equation PdCl4 + 2NaHO=PdCl, + NaCI-l-NaC10 + H,0. In 
a similar manner iridic chloride, IrCI,, is converted into the trichloride, 
IrClj, by this method. When this conversion takes place the platinum 
still remains in the form of platinic chloride, PtCI,. It is then possible 
to take advantage of a certain difference in the properties of the higher 
and lower chlorides of the platinum metals. Thus lime precipitates the 
lower chlorides of tbe members of the platinum metals occurring in 
solution without acting on the platinic chloride, PtCl,, and hence the 
addition of a large proportion of lime immediately precipitates tbe 
associated metals, leaving the platinum itself in solution in the form 
of a soluble double salt, PtCI„CaCI,. A far better and more perfect 



4 



Uie pUUuum (uid oLhei platinui 



, ala) owing lo iUbcuig able U 

me PtPb. U u illoy dI UiB ti ~ ~ 



.. _ . Lbe icH «ipoHd t< 

iio cuDoniM (whit« Ind) in tbe pceuncfl 

If ba oiUKted bj diluu ncid. ud tba allajr PtPb n 



Tbi ■bile iHd aaj ba oiUKted bj diluU ncid. ud tba allajr PtPb nmilni uniltvrgd. 
Tba olbcr plitinum neult ilio givs limilu (tin;! xitb laid. Tba tuilbiltij' ol Ibaa* 
allsji eublu (ba plitlnum natkli to ba aapanlwl [roBi tha gugoe ot the ore. ud Ibaj 
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bf tba ba» tA, laaving tit* platinom matili untmcbad. Thla natbod ot tnatmaoi 
■w pmpoaad bj B. Sunt»CUIn DairiUt Id Uu •litiadwd (■ alio oitd in thaualjpiis lA 
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teparalion IS effected bi/ means of ammonium chhride, which gives, with 
jiUliiiia chloride, an insoluble yellow precipitate, FtCl^iSNH^CI, whilst 
it forms soluble double salts with the lower chlorides RCl, and RCI3, 
so that ammottium chloride precipitates the platinum only from the 
solution obtained by the preceding method. These methods are 
employed for preparing theplatioum which is used for the manufacture 
of platinum articles, because, having platinum in solution as calcium 
pktinochloride, PtCaCl^, or as the insoluble ammonium platinochloride, 
PtfNHJjClj, the platinum compound in eveiy case, after drying or 
ignition, loses all the chlorine from the platinic chloride and leaves finely- 
divided metallic platinum, which may bo cunverted into homogeneouB 
metal by compression and forging, or by fusion.' 

> For tfae ullimatfl [>uti£citioii ol pUtiunni liam pdlulium uid icidiom ths meUli 
moit bs to-diiBolvad in aqui regis, wid Lbe lolatioD svtipormted until tlia r^iidsB begint 
to «TotvB ohloriDD. Tbfl reaidpo i% Uiod re-pt«i pita ted with uamoDidia or [vt&atiiuii 
U7 DtiU contain a certtio amoniit o[ iridiam, which paiwa 
hn tetnchloridn, IiCl,, into the trichloride, tiCl^ but it vUl 
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mcarchei (for initance, tor tha unit ot light, according to Violle'a method) ma} b* 
obtaiBEd (^ilioi and Foenler, tSOa) h; Finhenar'i method, by disiolving the impnn 
metal in aqu* regis, (ii ahoold be aTaporated to drive ofl the nitrogca compouudi), and 
adding NiCl 10 at to form a double Bodiuni lalt, which 1> purified by cryitalUaing with • 
•mall amount ol cauitio Boda, waahiog the crjitali with a atrong tolution of NaCl, and 
then diafclving them in % hot 1 p.c. solution ol loda. repeating the above aod ultimately 
igniUng the double ult, preTJonilf dried at 110°, in a ilreuii ot hjdrogan ; platinum 
black and NaCI arc then formed. The three tallowing are nrj aenaitiTB Uata (to 
Uuntandtha of a per cent.) for the prBUBoa of Ir, Ru, Rh. Fd (ouniuni it not ainall/ 
pretent in platlnuu which hai once been purified, eince It Cksily voUtiliua with CI, 
and COj, aod in the Gnl traalmBDt ot the cmde platinum either paaaei off aa OtO, 
or remaini undsttolTed). Fe. Cu. Ag, and Ph : (I) the atiaj it ellojed with 10 parti ot 
para lead, tha alia; Lrc&tad with dilnta nitric acid (to ramofe the greater part of the 
Fb), and diuoWed in aqua legia; the roaidue will consitt pt Ir and Bui (ha Pb ii 
precipitated from the nitrio acid lolution bj aulphurio aoid. whilil the remaining 

EBinltant precipiUte fuied with KH30, ; the Fd and Bh are thua converted into aalllbla 
aaltB, and the former ii then precipitated b^ HgC^,. (1) Iron ma; be detected bj (h* 
tuua] reagentt, if the crude platinum be diitolied in wjaa regia, and the platinum 
metala prccipiUted from the eolntioo by formic acid. (S) If crude pktinDiQ (aa foil ot 
apooge) be heated in a miitora o( chlorine and carbonic oiide it TolaliliBei (with a 
eertain amount of Ir, Pd, Fa, &c.) a. PtClj^aCO [Note Jl), whilst the whole of the Bh, 
Ag, and Cu Jt maj contain reniaini behind. Among other ohaiucteriitic laactioni lol 
tha platinum melali, wemiLT montion: (I) that rhodium it precipitated Irom thatolution 
obluncd after fntion with KUSO, (in which Pt does not diuoWt) by NHj, acetic and 
tonaicacida^ (2) that dilute aqua regia diitotvet precipitated Pt.but not Kb: (3) thai 
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MetaSio platinum in a fused state hcLS a specific gravity of 3t 
IB grey, softer than iron bot harder tban copper, exceedingly ductilf, 
and therefore easily drawn into wire and rolled into thin sheets, and 
may be hammered into crucibles and drawn into thin tobee, tc In 
t^e stat« in which it is obtained by the ignition of itfi compoonda, 
it forma ft apougy mass, tDOwn as spongy platinum, or else aa powder 
(platinum black)." In either case it is dull grey, and ia characterised, 
as vre already know, by the faculty of absorbing hydrogen and other 
gaseG. Platinum is not acted on by hydrochloric, hydriodic, nitric, and 
Bulphuric acids, or a mixture of bydrofluorio and nitric acids. Aqua 
regia, and any liquid containing chlorine or able to evolve chlorine orr 
bromine, dissolves platinum. Alkalis are decomposed by platinum at 
a red heat, owing to the faculty of the platinum oxide, PtO„ formed to 
combine with alkaline bases, inaamuch as it has a feebly-developed acid 
character («et Note 8). Sulphur, phosphorus (tha phosphide, PtP„ 

il Ifao iDtolubls miioB ol the plftlioDio meUli (Ic, Bu. Oi) oblojoed, iltsi tn>(iiig with 
■qoa [egift. be faBed with 4 miiture of 1 put oF ENOj ud 6 puti ol K,CO, (in a gold 
omcihle). and then treiUd with wbUt, it gty« > lolutioa oontaiiiing ibe Rn [and a 
'portion ot tha Ir), but which throwi it lU 4own vhea tatiimtcd with chloriDO Mwt 
boiled ; (4) tfad it itidinin be [used with e miitDra ol EHO ud &SOi, it giuM m •olnbla 
potsBBinm ult, IrE,0, (Ihe lolutian it bloa), whii:h, whin ^tiuited with ohloriiw, gina 
IrCIi, wKicb ie pracipiUled bj NH,C1 (the precipitate ii blidl), fonning ft doabla ull, 
leaiiDg melKliic Ir alter ignition i (£] thtl tbodium mliedwith NiiCI and ignited ia a 
cornnt ot cblorins girea k ■alable dooble ult (from whiib eal-msunoniu eepuatei Ft 
and Ir)i which glvea (ucordUg to JorgenHn) a difflcaltlyaoIoblepiviiDreo-Hlt (Chaptai 
XXU., Note W). WigC1„GNH„ when treated with NH,; Id thi> form tha Kb ids; b« 
•uily purified and obtaiaad io a raeUUio torn bj igniting in bydrngeB ; and (S) Ibat 
pdladiom, diHol ted in aqu regia and dried (NH4OI Ibrowt down tuf Ft). gJTea aohibla 
PdClm which tonne aaeaailT aryatUliaabla fallow aalt,PdCl,NHi, with ammooia; (hi* 
•alt (Wiltn) maj be aaii]; purified bj crjatalliHtioci, and giret metallio Pd whan 
ignitaid. Then reaction! illiutnits iba nathod ol eaparating the platiunm nutaU tuna 
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ih other. 

' Wo have alreadj beoome acqaaioled with (be eHect of flnelj-diiided platiDom 
man; gauoDi aubatenoea. It ie beat Been in Iha lo-oalled platinum blacky which i 
eoal-bUoli powder leftb; tlia action ol anlphuric addon theallof of i 
or which il precipitated bjr matallio line Irom a dilute aolution ol platinnm. In aoj 
caaa, Analr-divided platinnm abeorbi giaee macs pDWerfnll/ and rajiidij the mora 
finelf diiided and poroD* it ia, Salpburoni anhjdhdc, hjdrogen, alcohol, and muf 
organic subilancei in the preience o( BUcb plalioam an caiilji olidiied bj the olfgen ot 
the ail. although they do not wmbine with it directly. The abaorptioo ol oxygen ii ti 
much a> Bcvcra! hundred Toliunei per one teluoie of platinsiti, «Dd tbe oiidieing pown 
of aDcli abiorbed aiygen is tolUD advantai^ ol not only in the laboratory but evaa in 
BUADlactDring procoue*. Aibeilof or chaicoal. coaked in a lOlulioD ol plalinie cblonda 
and ignited. i> TcryuMlul for lb]> purpoac, btcauB* bytbiB maani it bocomeB coaled willi 
platinum bUcli. II £D grams ol PICI, be iinaUti in SO o.c oJ wato. aod 70 cj^.of a 
strong (10 p.c) salutioB ot formic aldehyde added, llH miiture cooled, and tbui a 
■ototloB ot GO grama ol NaBO in M gnma of 
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is formed), arsenio and Biiicon all act more or lesa rapidly on platinum, 
under the influence of heat. Many of the metals form alloya with it. 
Even charcoal combinea with platinum when it is igntUid with it, ftnd 
therefore carbonaoioua matter cannot be subjected to prolonged and 
powerful ignition in platinum vessels. Hence a platinum crucibb swa 
becomes dull on the surface in a.smoky flame. Platinum also forma 
alloys with licc, lead, tin, copper, gold, and silver.' Although mercury 
doea Dot directly dissolve platinum, still it forms a solution or amalgani 
with spongy platinum in the presence of sodiuro amalgam ; a Bimilar 
amalgam is also formed by the action of sodium amalgam on a solution 
of platinum chloride, and is used for physical experiments, 

There are (ice kindt of platijitim eompouniU, PtX, and PtX,. 
The former are produced by an excess of halogen in the cold, and the 
latter by the aid of heat or by the splitting up of the former. Tho 
starting-point for the platinum compounds is platinum telranMoridi, 
pfaCinic chloride, PtCl,, obtainEd by dissolving platinum in aqua 
regia.' ''^' Tho solution crystallises in the cold, in a desiccator, in tha 
form of reddish-brown deliquescent crystals which contain hydrochlorio 
acid. PtCI„2HCl,6HjO, and behave like a true acid whose salte cor- 
respond to the formula R,PtCl|i —ammonium platiaochloride, tor 
example,' "' The hydrochloric acid is liberated from these cryitajs by 
gently heating or evaporating the solution to dryness ; or, better still, 
after treatoicut with silver nitrate a reddish-brown mass remains 
behind, which dissolves in water, and forms a yellowish-red solution 
which on cooling deposits erystnls of the composition PtCl4,8H,0. 
The tendency of PtCl, lo combine with hydrochloiic acid and water^- 
that is, to Jorm higher cryalalUwf compmijida — is evident in the 
platinum compounds, and must be taken into account in explaining 
the properties of platinum and the formation of many other of its 
complex compounds. Dilute solutions of platinic chloride are yellow, 
and are completely reduced by hydrogen, sulphurous anhydride, and 
many reducing agents, which first convert the platinic chloride into 
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tbe lower compound pUtinoua chloride, FtCl]. That hcoltj 'i 
reveals itself in platinum tetrachloride of combining with water of 
cryBlalliaatioa and hydrucbloric acid is distiiictlj marked in its pro* 
perty, with which we are already acquainted, of giving precipitatee 
with tbe salu of poto^um, ammonium, rubidium, &o. In general it 
readili/ forms double aalti, R,PtC[(=PtCl, + 2ftCl, where R is a 
nnivalent metal such as potaasium or KH^. Henoe the addition of a 
BolntioD of potafsiuni or ammoniuiq chloride to a aolution of platirdo 
chloride is followed by the formation of a yellow precipitate, which is 
sparingly eolable in water and almost entirely insoluble in alcohol and 
ether (plalinic chloride is soluble in alcohol, potassium iridiochtoride, 
IrKjClg, i.e. a compound of IrClg, is soluble in water but not in alcohol). 
It is especially remarkable in this case, that the potassium compounds 
here, as in a number of other instances, separate in an anhydrous form, 
whilst the Eodiam compounds, which are soluble in water and alcohol, 
form red crystals containing water. The composition NajPtCle,6H,0 
exactly corresponds with the above-mentioned hydrochloric compound. 
The compounds with barium, BaPtCls.iHjO, strontium, 8rPtCle,8H,0, 
calcium, magnesium, iron, manganese, and many other metola are all 
soluble in water." 
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tha plBtiuifl eUorido u in tha combined nuUltio chloiide; tor uunpli, KgClgflCI.] 
3<Clt,PtCU,SH]0, be. Bach Uivaleut meUla m aliusinium, inn (fethc), chromiiim', di- 
djniiam. conuiD (aoroiuJfoisicompoundicilthatTpa KC1]PtCI(,in which tha unousti of 
cUoiine u> in tbonlio 8 : <■ Ool^ iodium aad lUhonvgive atlu of a diflsrent oampai- 
(ioB— n»mely,SlnCli,6PtCl4,BBH,0«nd*TCIj,BPlCl,,6IH,O. Soch quidrimlenHiwUta 
at Uuslom, tin, EimoDiam gira compoaada of Uut tTpe BCli.PtClf. in whioli tbs ntio ol 
lbs dilorine ia 1 : 1. In Uiii munei Ihe nlenc j ol ■ n»U] out, to * urtajn silant, hs 
indgi^d tiam tba compoiitioa ol the doubta uJti locmsd viLh pUtinic chlorida. 

PJalinic bromide, PlBit, ud iodide, PtI,, ire uilogona (o tba tetruhloride, bnt the 
lodids ia dacompoasd itill mora auilj Uun Ibe chJoiide. U iDlphaTii: uid be added to 
pUlinic chlorida, and the Holation avupontad, it forma k blaclr puroui maja Ijka ohu» 
eoil, which deliqueeco in tba kir, tnd h« the compoiilion PUSOi),, Bat Uiii, tha 
RiJr Dijgeu a>Jt ot Uu type PtXt, ie alceediii«lj uutible. Thit Ii doe Ui the ful thil 
ptalinum oxHi, tha oiida oT tba type PtO,, haa ft faabla uid chuuMr. Ihia i* tbows 
ISBnambiir ol iutaooei. Thu if & atrong aolntionol pla,tiniD chlorida bwtod with 
■oditin okrbODate be expoaad to the action of Li^ht or avaporalvd to dryneaa uid then 
wuhed with vntw, > aodtam platineta. Pl,NBgO,.eH,0. rcmiina. Tbe compoaition of 
Ihli aaJl. it we regud it in tba aune nnH u wa did tha hIu of lilicici, lituiie, moljbdis 
ud Dthor Kidt, will be Pl0(0Nt),,aPt0^flH,O— Uut ia, the B*ma Ifpa la npeatad 
w* Hiw in tha erjaUllina camponnda ot platinam tetnchloiida with lodiam chlorida. 
with hTdrocbloric aald— nameir, the irpa PtX,SY, when Y ii ths matDCula H,0,HC1, 1 
Bimilu aampoDnda are alia ehtaiiud with other alkalia. Thry will be plaliattei el tl 
•Ikalie in which the platinis oiide, PtO,. plajl the part ol an acid Olido. Rouaaar 
<1SM| obtdned diffanat gndot et ooDbiDatitm BaOPtO» KBaO)lPlOL„ Ac, b; igoitinc 
a oiiitare ot PtCl^ and caoatic baryta- II aocb aa alkaJitia oompotind of plati 
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PUOmous cldoridf, FtCI,, Is formed when hjdrogea platiniKbloride, 
PtHjCls, is ignited at 300°, or when potassium ia beated at 230° in » 
Stream of chlorine. The undccomposed tetrachloride is extracted from 
the residue by washing it with watoi', and a greenish-grey or brown 
insolable mass of the dichloride (ap. gr. C'9) is tbea obtained. It ia 
■oluble in hydrochloric acid, giving an acid solution of the compositioa 
PtCl„2HCI, corresponding with the type of double salts PtRjCl^. 
Although pla tin ous chloride decomposes belo^v 500°,still it is formed to 
ft amall extent at higher temperatures. Troost and Hautefeuitle, anci 
Seelheim observed that wheo platinum was strongly ignited in a. stream of 
chlorine, the metal, as it were, slowly volatilised and was deposi(«d in 
crystjUa ; a volatile chloride, probably platinoua chloride, was evidently 
formed in this case, and decomposed subsequently to its formation, 
depositing crystals of platinum. 

The properties of platinum above- described are repeated moreorI««s 
distinctly, or sometimes with certain modiScations, in the above-men- 
tioned associates and analogues of this uet&l. Thus althoagh palladium 
tottah PdCl,, this form pas$ea into FdCl, with extreme ease.' Whilst 

Ft(OH),. nmaitii ■! ■ bran idbsi, vhich Iswi wiier uul Dijigaa when ignited, and in 
to doing decampotei w[lh i iJigbt oxplofiion. When ilighbLy igniled bhii hydioiide finh 
lowi wUer ind gii« the 1017 oasUbla oiide FtOi. Plitioin lalphida, PtS^ bclonga (0 
ba Hma tjpe; it i> precipitated b; the action of ■olpbaretted hj^dnigenoa a. aolutioa 
tf platinnm lalractilDiide. The maJBt piecipiute i> oapkhla e( attinctiag oijgen, ud ia 
IkcB eonvarted ialo the lalphikte aboK owDtioaed, which ia loluble in water. This 
■baoriition of ai]'g«n and eonvanion Into inlphMe 'a uwUtec illngtration ol the b»ia 
BatDi* at PtO], K) thttl it dearly eihibita both basis and acid propettiea. Tbs latlar 
appear, for inatuice, in the fadt that ptatinio aolpbide, f (St, given cryita-lljco compounda 
with the alkali autphidBX. 

* In eompuing the chacacleriBtica of Lbs ptatinom meUJg, it moat be obaened Ihak 
palladium in iti loim of combiiialion PdX, givea aalins waipsands ol conaidaraU* 
■Ubilitj. Auiongit theia patladoat Moridr ia farmed by the direct untion of cbtorina 
or aqu regia (not In eicesa or in dilute aolDtioni) on palUdiam. It forma a brown 
nlulion, which givea > bliuk inaolubla precipitate of falladoat iadid*, Pdl,, wiUi 
•olntiaat of iodiSes (io thia respect, aa in many others, palladium reiemblea mercury in 
Ihemaccaric componndi HgX,). With ■ aolation of mercuric cyuida It gives » yellowlah 
iriiite precipitate, palladoua cyanide, PdCiNj, which ia aolublfl in prrtnaaitim cyanide, and 
gives other daubia aalts, H,PdC,N,. 

That portion ol the platinum ore which diaaotvea la tqiu regie and is precipit«M4 

by ammoniDmor (wtuiium chloride does not contain palladium. It remaina in aoln- 

lion, becenie the palladic chloride, PdCI,, is decomposed and the palUdona chlorul* 

iDinied ia not precipitated by ammonium ehlaride; the aame holda good lor all the other 

tlie platinum metals. Zinc (and irooj aoparatea out all the onprecipl- 

itali (and also copper. &c,) from tha aolutioa. Th* paUadinm is found 

I reaidura precipitat«d by ^inc. If tbia miitore ol metale be tnatad 

M-liriih aqua regia, all the palladium will poaa into solution aa p^Udaua chlorida itillL 

V]n_. .,i.t:„ig chloride. By this treatment the main portion o( the iridium, rbodiaro, to? 

UBl undiaaalved, the platinum is leparated from the miilure of palladooa 

id platiBia cbloridea by a aolutioa of ammonium chloride, and the aolution of palUdiul^ 
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rhodium nnJ iridium in dissi>lving in aqua, regla also form RhCI| 

(• piBcipilolod by pgliUbiHBi indida or taercurio cyinide. Wilm (1831) Bbowed tbftt 
pdlndioni BIS)' be iopsnitffd Irom »n impnrosolalioD hj HtuntinK it with iiaunanii; all 
tha iron prcHiit is tboi precipitated, uid, aftur fiLleriag, the addition ot hjdnxhlcuio 
uid to the filtnte givei • yoUon predpitftlo ol u unmanio-pdliidiDni compooDdi 
PdC1„!NH^ whllit neu\j lUl the olhei neUla nmiuD in lolutiDa. JlfcfoUicpaUiufiKiii 
ift abtufled bj igniting tb« ^mmDnia-compoqnd or the cyaqid?, PdCgNg. It occoxm 
Dative allhOQgh iwel;, uid !■ a metal ot a nhitei coloac than plalinum, «p. gt. lit, 

■orface wben heated (TVdtn obtained ipongj paltadiom by igniting PdCl,,aNHj, and 

□lide fotmi a miituie ot Fd,0 and Pd), and loiea ita abtorbed oijgcn on a fnithar rin 
of temperalure. It doea not blacken or tarnisb (does not sbioib nulpbnr) la the alt at 

othei instruBienta in which fine diiiniooa bave to be CDgrmed □□ a white meta], i 
that the fine lines tbouldbe clearly Tiaible. Themoal lemaikabta property ot p ' 
dificnvercd by Grahani, conaistB in iticupaiityforaiiofims a large an 
Ignited [>alladiani abaorba ai much db 9t0 Tolnmea of hydrogen, or about 0'3 f>.e. at IM 
own •relgbl, «bich cloeely appToaebeg to the formation ol the compound PdjH), ud 
prctiably iudicatea the foimalion of paUadiun hj/dride, PdjH. This absaTplkm 
also tsJiot place at the ordinary temperature — for aiample, when palladinm aervei M 
an electrode at vtuch bydrogen ie avoliod. In abiorbing the hydrogen, tLe palladinn 
does not change in appaaruce, and mtaini all ita metallic properUea, luly ita volniiw 
incrcuea by abont 10 p^. — that ie, the hydrogea psahea out cod lepaiatei tha aUma ol 
the polladiam from etch other, and ia itielf compraated Ui^otiU Tolama. Thia oom- 
proeaion indicatea a great force ol obemical aliraotion, and ia accompanied by Hh eToln- 
tion ol bfraC (Chapter n.. Note 89]. The abiorplios ot 1 grm. ol hydrogen by raatallia 
palUdinm (Fa-re) ia aecompuled by the eTolation of la thouund caloriee (lor Pt W, 
lor Na 13, lor K 10 thouiand .nnilg ol bent). Trooat ^oved that the diawKiation 

the atmoaphorio preaaure at abont 110°. Thia aubjeet waa tubuquently invaitigated bf 
A. A. Crecow of St. Petersburg (L«DI). »ha showed tbal at Snl the abtorption at 
iiydrogen by the palladium prooeeda like eolDlion, according to the law of Dallon and 
Hasiy, but thatlowardi the end. it i>roceedB like a dieaociation phenomenon in deflnit« 
compoundi; Uiii forma another link between the pbeoomenon of lolution and ol tha 
formation ot definite atomic compoQnda. Crieoo'a abaerraliona lor a (emperaluie 1S°, 
ehotred that the electwi-coBdoctiiily and teniion vary until a compound Pd,H ie reached, 
and namely, that the t«n>ianp ria« with the Tolame B ot hydrogaD abaorbed, according 
to the law ol Dolton end Henry— tor inlliuee, for 

IF- It 30 U tl 

The naiimum tenuon et IS" h B miti. At a tempemture of about 110° (in the nponi of 
lyleoe) the matiniDia lenaioD i> about IK mm., and when e»10-U lola. thelaniioa 
(acoording to Cracow'a enperimente) aland* at W-lEO mm— that ia, ineraaiee in pro- 
portion lo the lolnino o! hydrogen ahiorbcd. But from the point of *iew ot chemieal 
meohanici it la ttpocially important to remark that Uontier dearly ahowed, thimagh 
pdtadluffi hydride, the aimilarity ol the phenomeaa which proceed in evaportllan and 
dioaoelatian, which licl Henri Sainta-Claire DeviUe placed aa a fandamental propoaitloa 
In (he theory ol diaiociation. It ii pouibla upon Ibc baaia ol the aecond law ol lh« 
tbaoiy ol beat, according to the law of the vuialion ol Ihclcoiion^ ot oaporallon with 
lh« teapuatiira T (cotuted fron -II7B°), loca]cii1ai« the latent h»l of evaporatioa 
L (iw worta on phyuca) b*cao** *M L-T (l/d-l/D) dpidi, where d and D are tb* 
wei^ta of cnbia meaaoraa ol tha gea (rapour) and liquid. (TfauB, for inalaoce, ta( 
.-yater, when ( - 100", T - S73, d-»eO»,D-»»,tfp/d(-OM7 m.. U,5»-M7, L-H^ 
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IrCI,, but they pass into RhCl, and IrCl^ '' *'' very easily when heated 



Khich u 



iriwncig <3( L^iaT.iei, ud Ibe wcood portion ot Iho cgution 396,111, i 
loBoiFiitll BMt, willim (he l^miU ol eip«imont»l enor, tte Chaplor 1, Kol« IL) 
31m wme cqiulioB is ippliubk to Iha dinoaiilion ot Ni^ wd EiB — (Cluplar TIT , 
Nate (I)— bal it hai only been vsrifiea in thig nipcct lor F<I,H, since Hontier, hj 
cdenUtiDg Uio UDOiut of hc&t L evolTcd. tor 1 = 30, (ccordins to tba rariktlon ot 
Uio lAuuon {dpldl) obluosd 1*1 (bouuad ulodss, which i* very aett the Bgnn 
obWned elpcriraenliiJl; by Fsvra (t« Cluptsi XII., Nots It). Tlw ^Krbed hydrogra 
!■ Hiiljr iliMngiged bj ignition oi decrened proMuro. The letullut compoBaa 
joe* not decompOM tt the or<Iiauy temperttaro, but irhfn eipowd to lir Lh> uettl 
•BOHtiDM* glowa tpontincoaBLy, Dving Id the bydrogen boming at the eipeDw of 
the ■Imaipbwic oijgen. The hydrogea »l»o[bcd bj patlndiuin ul> lowudi Dikny 
■riDtioni u • ndDclog sgant ; iu a void, sferytbing hen pointa to tbo fommtioD ot * 
Mlnile coraponcd uid tA tba Hme time of a pbTtictUj-cotopmsed gu, ud lormi onft 
of the bnt Bunples ot the l»nd eiitting between cbejnicul uid phyiical prooHui, tO 
■hioh w< b>v* muiT timet dnwn elleDlioD, It mntt be itgeio Temetnberod thut tha 
oUier mslkl* ot the eighth giiiup, otsb copper, are, tike piJladiniii and platinam. abl« to 
■oDibii)* *jlh hydrogen. The pemiDahilitf ot inia and platinnm tubei to hrdregeo la 
Mituraltj doe to tha tomuiticn ol ainiilat ooisponiiili. bnt p^ndinm ii the moat 
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1 left 

irDly Bepemtcd fronk 
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tee. The oitti 

vbich ietett ondiiaolTed in dilute aqua ngia ■■ diuolved in chlorine water, or hjr Iha 

ts ol the melali with wdinm chloride. In either oaM both 

It put into •olalion. Tbej may be upanted by rauiy melboda. In eitber cue 

d by heat) the rhodium ia obtained in the form of the chloride 

a aa iridiDni eUorido, IrCU- They both form double aalta with 

la cUoiid* which a» eolable in water, but the iridinm eall it alto partially loloble 

,ol. AmiilureD[tl>ach1oridet,whentr«atadwith 

(late aqua regie, girn iridic chloride. IrCl4, whilet the rhodiom chloride, RhCI,, re- 

I chloride then piocipitatea the iridium as ammonium iridio- 

de, Ii(HHi)iCla, and on eveponting iJie rQu.ci>Uinred flUrete tba rhodinm give* 

ft cryitalliDe eall, Bb[NH,|jC],, Bhodlum and ita Tanona oiidea arc dinolved whan 

h potaeaium hydrogen aDlphatB, and give a aolnble doable eulphate (whilsi 

Iridium rvoaina unaolAd on) ; thia fact ii very charafteriatic lor thia metal, which offen 

in it* propeitie) many pointe ol reeamblan; a with the iron nctila. When foied >ith 

n hydroiide and chlorate it i> midited like iildinm, hat it ia not afterwiude 

•olable in water, iunhicbrcapoctitdilertfrommtbenium. Thiiielalienadvautagegf lor 

•eparating rhodiam, rutheninia, asd iridioci. In any cue, rhodium under ordinary 

eonditioni elwayi givea talta of tbc type HX^, and not of any other typo ; and not only 

halogen ulle, bnt alio oiygen ealta, are Imown in Ibis type, which ia ran among 

the platinum melala. Rhodium chloride, BhCli. ii known in an iniolnbia anhydrooa 

m(lllieC[X]C>rHLl(gDtchn>m>coiidea), inwbichiteaaily gi'a* 

U aalta, oompoonda with water ol ciyatalliHlian, and lorma ro».coloared lolotiona. 

" iCTin rhodium caiily girca double aaltaol the two typee RhJJ^I, ud BhU,Ci,— 

•mple, KiRbCIfSHiO and K,ltbCI),H^. Solationa ol the lalU (at laaal, the 

lium aaltj ol the Qnt Iiind give aalti ol the •eoond hind when they are boiled. U 

ft aliong iDlatiaD of potath be added to a red solution ot rhodium chloride and boiled, t 

Uaok precipitate of the hydroiide Bb(0H|2 ia formed ; but 11 the tolntioD ol polaih la 

le by little, it gi'Bi a yellow precipitate containing more water. Thii yellow 

kydrate ol rhodium oiide givea a yellow lalDlioo when II l> diieolied in acida, whidi 

ilnored alter being boiled. It la obvious a change here taliea plaa, 

e oiida. It is alaoareuukabla hotthftl 
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or when acted upon by substancea capable of taking up chlorine (even 
alkalis, which form bleaching Baits). Among the platinum metali, 
nlthemum and osmium have the most acid character, and although thej 
give BuClj and OsCl, Ihey are easily oxidised to RuO, and OsO( by 
the action o{ chlorine in the presence of water; the latterare^iroktile 
and may be distilled with the water and hydrochloric acid, from a 
solution containing other platinum metals.° *'' Thus with respect to 

Uw blwJc hydioiida, lilcs nunj other oiidltnl compDondi of tha plttineid malili, ioat 
not ^tulvein tha ordlDarj'Ovjgeli gxiis. whiJst the yallow hTdroiida is e&iily Bolubla 
ud'giTCa J«Uo" lolDtianB, which dejiosit imperlectl^ crystulUid ((Itl. UetAllii 
rtur^um ii floailj oblaioed bj j^iting jta oiygen and other compoondft ld hjdrogflD, or 
by pcecipitttioa with tino. It reumblci plilinam, uid hu ■ «p. gt. o( 19*1. M lb* 
oidinu; tarapeialcre it ijecompoMi formio icid into hydrogen ud utbonic Aofardiida, 
with dsvclopnieDt ot heit (Derille). With the ulluli aulphitsi, tha witi at rhodinni mud 
iridiuia of tha tjrpa RX,' giva spnHngly-toltibla precipiUtei of doobla aulphilaa ot tha 
comitoiilioB R(50iNa):,HiO, bjr meuii of nhiah theu metili maj be Hipuatsd fioni 
aolntioD, ud oJio nuy bo Bcpuated from vKh other, for & miituie of tbeu BbltB vbea 
treited vith strong nilphima acid ^vea a aoluble iridium luTphate uid l^ves n red in- 
•dnbte doable ult of ihodinm and Bodiom. It nUir b< remuked tbit the oiidai IitOi and 
ShiOj ua compmtively itible uid uo euity fDrmed, aad that they •Jio fonn diSereni 
doable aalta (tor ioitanco, IrCl],aKClSH^, RhCIj,3NH,CliH,0, RhCl„SKH,ailH,0} 
■ad eoTDpoundi like the cobaltin compoundi (for initance. Inteo-ultt RbXj.aNil], roaet*- 
■alU, RhXsHiOsrfB,. tnd pDr])Dre<>.H]ti ItSj.ltNB, He.) Iriiioia oiidt, Ji,0^ i> 
obUined by laelsg Iridiou* chloride and ill compounda with todium carbooate, and 
treating th» ma» with wsler. The oiide ii then left u ■ black powder, whioli, irb«n 
atroDgly healed, ia decompoaed into liidiiua and otygenr it i> ^aaily redaiwd, and li 
Enaolabla En acids, whieb indicatei the feeble baaic character of thii oxide, in maoj 
leapecta reeombliDg auch otidea aa cabaltic oiide, cerlc or lead dioiids, tin. It dota not 
diaaolie when loaed wilh potatiium bjdiogeti auIphAte. Rhodium oiide, RhiO], t> a 
(or mare energetic baie. It diiaolTea when faaed »itli polaaiium hydrogen aulphite. 
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thii loaai chlorine at eO°; il ii, howeiei, more sUble in Ibe lorm of double aalta, whiob 
bare a charailerijtio Hack colour-tor inalanee. Ir(NH*)5CI,— but Ibey gii* [ridioo* 
ehloride, IrCl^ whan traated with anlphuric aeid. 

* ■" We have yet to bscome ecquainUd with the Iwo remaining aiiocialei of pUtlnnm 
— ntheninm and aatoinin— wboae noit important properly ii thai they are oiidlaed 
«Ten whan beated in air, and that they are able lo giaa volaldi oiidea of the torn RaO, 
■nd OaO, 1 thoia baTe a poweiful odour (like iodine and nitroua anhydride). Both Ibeaa 
hlgha oiidaa are aolida ; they volatitiie with great ease at IK" : Ibe former ia 
•nd the latter whilo. TTiey are known a* nii»*nic and oimis an*yJri(fM,a1lhough Iheir 
aqoeoua aolutiona (they both atovlj diaaolve Id water) do not ahow an acid rM 
allhoogb they da nol mm upal caibonio aahjdilda (ram polaadom carbonate, do sot 
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the typ*8 of combination, all theplillnum metnls, under certain ciroum- 
•tanc«e, give compound! of the tjpe RX4 — for instance, RQ^, RC1„ Ilo. 

ftn citeWIuu bIU with buM. ud thiir ftUuJine oalsUoiii pakftuUf dopmit thua 
■gtin otcD boiled [u euWH of nUu dMampou* Iha b^U). The tormnls 0>0. ud 
BuOi cDTTCspond with Uis Tipoor draiitj of Uwh oiido*. Thus Deville foand tha 
npom dcDiitr of amuc ubrdride to b« IW (bf tha fonnuU vac) nlensd to hydrogao. 
rvnAAnt uid VMiqtulia diKom^d thii oompoond, uid B«rxetiai, Wdhter. Fritucha^ 
8tniT& DerOls, Clini, Jolf, and ollien balpad in it> iartsligalion ; Devenheleu thai* 
wa atOl maaf qDestJDiiB conDatiuae it which remBin naBolved. IK ihoold be obaaifal 
Ihat RO, ia Iho highaat knoirn (orm for as oiygan ccinpouad, and REI4 ii tba hifhwl 
kncnrn locm tor a compoaad of hydrGgcn ; whilst the highist fornu ol add bydiatM 
•mtain Zi&fit. PH,0,. 611,0^ C1H0(— all with toBr atomi ol lajgea, and tbanlSn to 
ftia mOBbai there ia afipantill; tha limit tot tba aistplc foniu of combination ol faTdragaa 
aad trvj^ga- 1a A^mbination with §cvrral atomi of an oUment, or Kveral fllamen1% 
than ma; ba more than 0( or Hi, bnt a mglacnla never cohlaini mora than tooi atom* 
ol dtber « H M ona atom o! a»thor element. Tbm Uu aini[de>l tonnt of oomhin^ 
lioo of hHrosen and otTgeo ara eihaoited bj the liit BH., KH^ RH^ RH. RO. BO*, 
ItOji B0|. The eitiama memben are RH, and RO,, and are onlf met with tor nieh 
•lemeiiti a< cvbon, adicon, twmiain, nitheuiam, wbich alK giTs BCI, with chlorina. 
In Iheaa ecti«me facmi, BH, and RO4, the oompomidB a» the leut ubible (cam- 
paie SiH,, PH], SHi, CIB, oc RaO,, MoO^ ZcOj, BiO), and aaail; gira ap part, or evan 
•11, lh«r (aj%m or hjdttigen. 

The primaiT lonKa Inm which tha eompomida of ralheniimi and otminm ai« 
oUalnad i> aithai tmiriditm {tba oarainm predominates, from IrOa to IK>b,, ip. gt^ 
bom IS to ii), which occnra In plalimim ar»9 [it ii diitingimhod from the grain ct 
|llaUnian bj itt aratalliBa atnutnie. haidneii, and iniolubilit; in aqua legia), or elaa 
Iboaa iBaolabla it^nea which are obtained, aa we uw above, after treating ptatinna 
with aqoa rafia. Omiiim prodsminilaa in tb^se nateriali. which lomctimai contain 
bom SO pLC to to p.o. ol it, and mr«ly moFs than * p.c to £ p.c of rathenium. Tha 
laimaag tor their traabusnt ii aa foUowa ; Ibef are first foied with 6 parte ol line, ^id 
Iba ibu) li Ihan eitradad with dilute hjdroctloris aoid. The ouaindiuja thna treated 
b, aMording to Frituchs and Stnjvd^a method, then added to a fnaed mixUire of 
pstataivm hydraode and chlorata in an Iron oracibia ; the maaa u it begini to evolT* 
ojTgaD aet* <■> the matal, and the reaction aiUrwaida proceeda apontanaoiuly. Th* 
iaA prodoet ii treated with water, and givei a Bglation of ocmiiun and mUuninm in 
Um tonn of aolnbta aalle, BiOaO, and RjRdO,, whilit tha inaolable raaidno ooalaioa k 
nlitna ot oilde* of iridium (and lome oKniam, rhodinn, and mlliCTiiom), and graim 
ol oalallia iridium atdl unacted on. According to Vtitaf* method the lompa ot 
oamiridiDm an ■traiglitwa]' heated to -whiteneea in a poreelain tube in a atrean of air oi 
^tjgta, whan the Tar; Tolatile oamic anhjdrids is obtained direotlj, and ia collactad ia 
»wdl4»dadiB0dTar,whilatlhantbaninmgiTeiacr7ataIlinaanblimateof the diouda, 
BoOt. nUoh ii, howerar, tary dilfionlllj' Tolatila lit Tolatilimt together with oamio 
Hkjdcide), and tlwreJara ramaine in the eooler portloni of the tuba 1 thi* method dooa 
Bot gtra volatile mtbsnic anhTdrida, and tba indium and other metali are not oiidiacd 
01 gira non-iolatila prodncti, Tbii aetbod ia limpla, and at once givce dry, pun oamia 
■shjdride in the recciTsr, and ruthenium diaiids in the Bublimate. The air whick 
paaaea tbronf^ tbe tnbe thonld bo prerionslr puted through anlphuric acid, not only in 
order to drj it, bnt alio to remove the organic and radueing dnat. Tbe rapour of oonio 
anhydride mutt bo poworfDlly cooled, and ultimately paiaed over caaitio potuh. X 
third mod* of treatment, which i> moat frequently employed, wai proposed by WShlar, 
Htd conaiata in ilightty heating (in ordar that tbe aodiam chlorido ihoold not 



not OED 
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meiata then form compounda with chlorine and aodium chloride, wbitaC the caminm 
fcrma the chloride, O1CI1, wbich teacta with the moiilnre, and give* onuie anhydride, 
•falii ia eoBdanied. The ruthenium in tbia, aa in the othsr procaaaaa, doaa not' direetlj 
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But this is the highest form tor only platiQura cind palladianr. 
The remaining platinum metals further, like tran, give addt of the type 
gtie ruthanic unlijdride, but is olmyg ciU-sctfld u tbe eolublo rathcainiD ult, E^aO^ 
obtiuned by iDsionwiUi poimium hjdcoiids ud chlonU ortiiCntB. Wbsn Uuoniige- 
aoloured ruiheute, K,RnO„ igmind witb u[ds, the libemted mtbenic uid immcdiiiMl} 

aK,Ra04 4lHM0si^RDO, + RuOuaH,O-flKN0,, Whan oneo oue of Ibc tboie Mac 
pounda of rotbeniura or oBmioia ia proourod it is easy lo obuin tl! ths Kiniiioin( 
eompDundt, and b; cedaction (by metali, hydrogen, formic Mid, die.) tba in«U]l 

Ounic inbydiidc, OnO], ii voty euil; dcoiidiied hj louiy methods. It' b]wli*Bi 
(nsuiic sabiUnoo, owing Lo leduction, ind is tboretora used in invesdgiUng xgcUbla 
4Ad uiimal, and eupeciolly n«rv«, prcpsrntians tindflr tho microicopfl. 
•ahydride mo; be distilled io bldngi^n, itiU complnte leduction ii uxoi 
miitars or hydrogen mi osinio uihjdride i« slighHy ignited (jui 
OKniambepUcedin (be flsme it is osiiliaed, and gives Tipoaria 
bwoma reduced, uid the flume gives t bcillisnl light Oim: 
like nitre on red-hot ehsrooaJ; sine, end even mercury sad silvGE 
'S soIntioDB 






ipbsbed t,: 
before it influnei). D 
smio Bjih jdridoi vbicli 
snhydride deflsgnte* 
sduce osmic tnhydridtf 
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hydtogeu lulpbide, fenoas (ulph&le, or sulphurous uihydride. ftlcohol, & 
June muner with gremb eise. 

Ibe lower o>id»s at rnaiiun, rutbacium, uid of the other alaments of the pltciiiiua 
■erfet iro not volatile, and it is Datowoitbjr Ibst the otbei elements behiTe differentlj. 
On compuing 80„ EOi! Atfls, As,Oi; F,0], PgO,; CO, C0„ As., m observe ■ 
Bonieno phenomenon ; Ibe higher oiidas are less volatile than the luirol. In the cast 
of ODoiiim all tbo oiides, vitb Ibe eiception ol tbe higbesi, are non-volatile, and it mijr 
therefore be tboogbt that thia higher form ia more aimply ooDstitatad than the loner, 
II ii possible that oimic otide, OaOi, stands Id the aune relation to the aDbjdrida as 
CjHi la CH, — f.e. the lower oiudo is poihapa (IK)Oi, or is still more polfmeiiwd. which 
would explain why the lower olidea, having a greater molecnlat wsight, are less volatil* 
than tbe higher oildea, just a^ wo saw in the case of the nitrogen oiidiia, N,0 and NO. 

JlulAmium and ooniuiR, obtained by the ignition or rednotion ol their componndi 
in the form of powder, have a density considerably less than in tbe fused fonn, and differ 
in this eondilloninlheircspooitj for reaction; tbay are much more difflenlHy foiedthsin 

in powder baa a specific gravity ol S'B, the fused meUl ol 133 ; osmium in powder has k 
•peeiflc gravity otSO'O. and when semi- losed— or, more strictly speaking, agglomerated — 
in the oiy-hydrogen ftame, ol3l'4, andlnaodlSD. The powder ol slightly-heated osmium 
oiidisee very eaiily in tbe air, and when ignited hnms like tinder, directly fonning the 
odoiifaiuus oimie anhydride (hence its name, tram tbe Greek word signilying odour} ; 
mtheiJu0 also oxidises when heated in air. but with more diSlcnlty, forming the ciida 
RnO,. Tbe oiidea of tbe types RO, B,0^ and RO, (and Ibeir bydntea) obUined by 
rednctioH from the higher oiidea, and also from the ohlorides. are analogoua la thoat 
(iven by the other platinum metals. In which respect oimlnni and totheninm oloesly 
reeemble them We may also remark that ruthenium has been lound i» the platinom 
deposits of Boniso in the lonn of laurile. BujS), iu grey octahedn of ep. gr. T fl. 

For osmium, Moraht and Wischin (IWS) oblaioed free osmic acid, B,OsO,. by 
decomposing K,O>0i with water, and precipitating wilh aloohol in a current of hydrogen 
in air volatile OsO, It tcrmedj ; with 11,3. otmic acid gives OeOi(HS), at the 
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impoDnds in greater detail, showed tli 



Bi BaEO,BuO} when ignited, bat it tssemblss KUaO( in many 
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ROjor hydrates, H5B04=RO,{HO), (tbo type of sulphuric acid) ; but 
thej, like ferrio and manganic ocida, ore chieQ; knowa in the form of 
talU of the coiopoeition KiRO^ orKiRjO, (like the dichromate). Thesa 
taits are obtained, like the mangaiiatea and ferrates, by fusing the oxidea, 
or even tbe metals themselves, with nitric, or, better still, with potassium 
peroxide. They are soluble in water, are easily deoxidised and do not 
yield tbe acid anhydrides under the action of acids, but break up, either 
(like the ferrate) forming oxygen and a basio oxide (iridium and rhodium 
nact in this manner, as they do not give higher forms of oxidation), or 
poasing into a lower and higher form of oxidation — that is, reacting 
like a mangaoate {or partly like nitrite or phosphite). Osmium and 
ruthenium react according to the latter form, as they are capable of 
giving higher forma of oxidation, OsO, and RuO„ and therefore their 
reactions of decomposition may be easentially represented by the equa- 
tion ■ 20sO»=OaO, + OaOj."> 

Tespecla. to gsnaril, Ra bos much m cammon "ith Hn. JoJy (1489) lim aboved tliil 
if KNOi b« tiitA to k ulDtion ol ItuCl] conUiiiiiig HCl, ths Bolalioa b«(>m« hot, ud 
k ult, BnCljKOlKCI, )< lomed, wbich ooten ialo doobls dKompogitioD ud it tistj 
■tabl«. UoreonT, it BdCI, In trut«d with u eioou o[ nitric Mid. it [orma k a*ltv 
BdC1^0B,0. kfUi tMbg ta«t«d (to baitmgl uid tbe kddttinn ol HCl. Tba npoat 
dBSsitir ol BnO,, dBlarmliifd bj Debnjr ind Joljr, Darrespaai]! la tbat lormuU. 

X Altboogb pkUadinci gi«M the akma tTpM °t combiaitioa (*i()i cUarina) ki 
plttinDin, ita [adnclioo to BX] ia iocompanblr uucr than thkt ot plktiuitrdJorida, knd 
iu the Cku of iiidiiim it ia klao very eaaf. Iridic cbtoride, IrCl^ Acte ka kD okiditiog 
ftg«Dt> rflkdity parta with k foortb of ita chiorine to k Dambor of aabatkncea. nkdilf 
•<ulv«a chlorine ohan huted, and it i> onl; iC lov terapcittiuca that chlorioe knd aqua 
r^fik eonTcrt iridimD idIo iridic chloride. Id diiengagin^ cblorina iiidiam more often 
kiid okkQ]' gloei the rer; atabla iiidioua uhlaride, IrClj drthftpa tbia aobatkOM a 
[riClt'-IrCli.IiClf. ioaolublo in «ktn, bnt ulnble in potueiDm chloride, beckase it 
tOrma tbadoableaklt KjIrClgK than the dichloTide,IiC[^ Tbia compound, corruponding 
io ItX], ii TBTj itkble. kod conespondi wtU) the bam i>xidt, IrgO,, riumbllDf; the 
Olidei Pbfii. Caft,. To thia farm there conupond ammDniackl compoiiBdi ■imilu la 
(hoee giTen bf eobkltie oiidc. Although iridium klBo giraa an kcid in the [arm of the 
k«l( K]It,0,, it doea not, lilie iron (and chromiam), fond the coirsBpandiBg chloride, 
IrCl(. In genenJ, io thia ki ia the other elemenls, it ia inpoiBible to predict the chlarins 
comtwonda tram Ihoae of oitked. Juit u there ia no chloride SCI,, hi t only Bdi, H 
llKS klthoogh IrOj Biirti, IrCl, ia wintinK, the only chloride being ItCl^. and thi* 
u unatkble, like SCli, kod euily pitta 'with ita chlorino. In thia respect ihodiam i* 
Terr much like indieio lu plktioom ia like pklUdinm), For RhCI^ decompoeoi with 
eilreme ekte. whilst rhodium chloride, RbCIj, ia very aUble, like nuny ot the aaJte ol 
the type BhXj, kithougb like the pUtinum elemenl* tbeee eklta ure eaaily reduced la 
tneUl by the kOtion of heet end powortul reagenla. There i> »a close k reaemblkuce 
between oimlum kiid rutbcoiam. Ouaiom when eobmitled to the tclioo of dry cUoriue 
gives ono;e chloride, OaCU, but lb* Utter iacooTerted by wrter {ks ia ouniom by moist 
eUorina) Into oimic knbydridc, ilthough the gre»tiir portion ie then decomposed into 
WHO), knd IHCI, lilie a chlormnhjdride of kn kCid, In generkl thia acid ohkikrter i* 
more developed in osmium then in philinius knd iridiom, HtTiog perted with chlorine, 
DUBle chloride, OsCl,, girci tbe unslkble trichloride. OsCli, kod the etkble soluble 
dichloride. OsCL,, which correspond! with plitinoua chloride in ili piopertiek kod 
reictioae. The rclktioo ot mtheniom (o the hklogena ik ol tbe eanfi oktutk. 
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Platinum ftnd its aneJogaea, like iron and its analoguee, nra (tble to 
form complex and coiaparotivelj stable cfaaogen and ammonia coia> 
pounds, coirespODding vith the ferrocyanidea and the ammoniacal com- 
poands of cobalt, which we have already considered in the preceding 
chapter. 

If platinoua chloride, PtCig (insoluble in water), be added bydt^rev 
to a solution of potassium cjacide, it is completely dissolved (lik« 
silver chloride), aod on evaporating the solution deposits rhombic 
prisniE of polattium jiatinocyaniiU., PtK](CK)„3U,0. This salt, like 
all those correspondiog with it, has a remarkable play of colours, dne to 
the phenomena of dichromiam, and eveo polychromiam, natural to all 
the platinocyanides. Thus it ia yellow and reflects a bright bloo 
light. It is easily soluble io water, effioresces in air, then turns red, 
and at 100° orange, when it loses all ita wat«r. The loss of water 
does not destroy its stability — that is, it still remains unchanged, and 
its stability is further shown by the fact that it is formed when 
potassium ferrocyanide, KiFe(0N)5, is heated with platinum black. 
This salt. Erst obtained by Gmelin, shows a neutral reaction with 
litmus ; it is exceedingly stable under the action of air, like potassium 
ferrocyanide, which it resembles in many respects. Thus the platinum 
in it cannot be detected by reagents such as sulphuretted hydrogen J 
the potassium may be replaced by other metaia by the action of thdr 
salts, so that it corresponds with a whole series of compounds, R,Pt(CN),, 
and it is stable, although the potassium cyanide and platinous salts, of 
which it ia composed, individnaliy easily undergo change. Whea 
treated with oxidising agents it passes, liko tho ferrocyanide, into ft 
higher form of combination of platinum. If salts of silver be added 
to its solution, it gives a heavy white precipitate of silver platino- 
cyanide, FtAgg(CN)i, which when suspended in water and treated 
with sulphuretted hydrogen, enters into double decomposition with the 
latter and forms insoluble silver sulphide, Ag,S, and soluble hyilrth 
ptatinoci/anic add, H,Pt(CN)j. If potassium platinocyanido bo mixed 
with on equivalent quantity of aulpburio add, the h'ydroplatino- 
cyanio acid liberated may be extracted by a mixture of alcohol and 
ether. The ethereal solutioo, when evaporated in a desiccator, deposit! 
bright red ciyslala of the composition PtH,(CN)„6H,0. This acid 
colours litmus paper, liberates carbonic anhydride from sodium car- 
bonate, and saturates alkalis, so that it presents an analogy to hydro- 
ferrocyanic ocid." 

" Ttiii anid cbvuler b eipluned bj th* InHiiimwi gl Um pIiOtDUni oo the hrdnfto, 
ud by the ftltKbtnanI of Um Druacan (naiM. Tho* eyuiinc icid, H^CN},0„ u a 
cturgetic tad oomftni wilh cjuiio acid, HCNO. Aw' ■ • - 
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Ammonia, like potasaioni cyanide, has the faculty of easily reacting 
with platinum dichloride, f^rming compounds similar to the platino- 

Willi flvo molocQloa of »ol..t o( cryetaJlLMlion, (PIH,(CN1.,6H,0), oonflrai. th< qdnlon 
lh»b plmtinam ia ibis to tonn eorapoundi of aliU highsr lype« Ihiin tlmt eiproised 
in ito Biline compouBdi, uid, moreorer, (he eombiaitioa of hrJropUlinooyanio wad 
•iUiwalac does not roach Iha luait of the oompoundji which ippeui in PtCLSHCl, 

eBgO. 

A wholo Krifls of jdalinoeyajiidej of the common Ijpe PtR^CN),nH,0 ia obCuincd 
bf meuu of doubls dscooipasitlon with Uu> potctBiom or hjdrogvn oc lilver ults. Foi 
eiunple, tlie ulta of aodlom sad lilhjum conUio, lilu lh« poUuiom ult, throe molecotM 
of witor. Tho sodium hU is lolabla in witai ud nloohoL The uoraoniam ult hu tha 
ootDpoattioQ Pt[NUj3(CN),,SH,0 Bud giroB ciTitale which nflect bloa and nwa-oolonied 
light. 1hiaiuiuaoDiuiDi[atdscompoBOB&t S0Cr',nithOT0lDtionotw>tervidunmoiilinD 
cjnside, leaving ■ grseaiah plaiitium dicyanidt, Pt[CN!„ which U iniolublo in wBlar 
■Dd acid but diiiolres In polUBium c^nide, hrdnioywiia uai, uid other cTsnidei. The 
wme platinous cjuiide i; ohtuned by the action of Bolphntio acid on thi potuaiani 
aalti la the tonn ol a toddiih-biovn unorphoni precipitate. The moat chuuteriitio of tha 
platinocranides are those of the alkaline eartha. The magneslam aalt Pt!hIg(CN)uTH,0 
eiTitalliiei in regular ptiima, whose aide (aoesueotametallia green colonr and tvnniDal 
planea duk bloe. It ihooi a earmine-Tsd colour along the main aiit, and duk nd 
■long the lateral aiea ; it easily loses water, (3B,0), at 10°, and than (urns blae (it thca 
eoatiins tB,0, which ia freqaeotly the use with the platinocyoDldci). Iti aqueooa 
•olntloD Is colonileia, and an alcoholic solution deposits jrcltow oi^stola. The remainder 
Ol the water i) giiim off at £30°. It is ohUined by latoraling platinocyanic acid with 
aukgoesla, or clso by double decomposition between the barium s&lt and magnesium sal- 
t^th The itroolium aolt, SrPt(CN')„4H]0 ciystolliiea in milk-white plates liaving 
> violet and green iridcsoence. When it efBorescoi in a desiccator. it> anrfaces have 
k Tiolel and metallic giMu iiidcacence. A coloutlesa lolotion of (he boiinm salt 
FIBa(ClT)t.4H]0 ii obtained by saturating a aolalion of hydiDplatinocyauin oeid with 
baryta, or by boiling the insoluble copper pUtinocyaaide in baryta water It cryatolliaoa 
In monoclinic prisma ot a yellow colour, with blue and green iridescanca ; It loaee half its 
water *l 100". and the whole at ISO'. Tho ethyl silt, Pt(C,Hj)^CN).,aH50, la alto 
T<t7 Dbarocteriitio ; its crystala are isDrnDtpbeaa with those ot (he potassium salt, and 
aia obtained by passing hydrochloric acid into on alcoholic aolnticn of hydroptatino- 
eyanio oeid. The , facility with which they crystallise, the regularity of thok forms. 
Mid their remarkable play ol coloon, renders tho preparation of the platiDOcyonidcs ono 
^ the moat sttrioliTe lessons of the laboratory. 

By the action ol cbbrine or dilate nitric scid, the plaliaoeysiiidos ore oonTertod into 
salts of the eompoution PtM,(CN]j, which eotreiponda with Pt(CN)i,3KCN— that ii, 
tiiey express the type of a non-eiistent lorm of oiidstion ol platinum, PtXj (i.e. oiida 
PtiOj), just as potaoinm fcrricyanide (FeCyj.SKCy) oorrBSponds with ferric oiide, and 
tha larroeyanide correeponds with tha ferrous oxide. The potsealnm salt of Ihia ssrie* 
eontalna PtK,(CK)j,S^O, and lonos brown regular prisma with a metatlic lustre, ood is 
Nlublaio water bnt insoluble in alcohol. Alkalis re-couTcrt this compound into the 
oidinary ptatioooyanidD KjPt(CN)u taking up the eices* of cyanogen. It is romorkabla 
thai the aolta of the type PtM,Cy, contain the same amoont of water of ciyaUllisatiDn 
M thofo of the typo FtMiCyj. Thai the salts of potassium and lithium contain three. 
SDd the salt of magnesium seven, molecules of water, bko the corresponding dolts of tha 
typo ol platinous oiida. Moreover, neither platinum nor any of its ossociBtei gives any 
cyanogen compound corresponding with the oiidv, i^. having the composition PlK,Cy,, 
just as there are no compcnnds higher than those which corrcipond to BCyjiiMCy lot 
Mboll or iron. Thia would appear to indicate the obeenco of any such cyanides, and 
Indeed, for noelemontato there yet known any poly -cyaoidos containing more thou threa 
•quivalente ot cyanogen lot one equivalent ot the «kmont. The phcnpnieoon ia perbapa 
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«j&nide and cobaltia compounds, wtiicli are coraparatively stable^ But 
as aoimonia doea not contain anj bydrogen euUy repIac«ab)o hj 

conuMlad with (ba taoBltT ot 

kcld, solid ajuogan cUoride 

ol PtK,(CN). givai (b«id=i 

(he form PtXj, bat u Siit t 

ol dilute peroiide ol bjdrogsn to. > lotatioD of FtK,C;,, uidulatod irith hydiochloilo 

uid| pndaeoa u enailT aolnbla mUumediftte ult which ojiUlliau in thia coppei-nd 

ne»]ln (Wiiin, Hadow, 18Bfl|. It only conliLiiii > ainill udoiidI ot chlorine, aod 

■.ppueutly coirespondB to a compoinid GFtK,C]f, + PtK,Cy,C1, + a<H,0. Undu tbt 

Klion ot an eiceaa of unmotiiB both liieM chlotine product! ita caateitei either nnm- 

pletel]- or iu pui (tccoiding to Wilm uomonii doei not Kt upon PtK,Cy,} talo 

PtCy^aNH], i.r. t. platinii-uanuinii oompoand [lec farther ao). It ia abo oenuvj (a 

lomui of oilditioD tbui platinum — ue ^n uhh to combioe with ih Utdoi pioportioo of 
patuaiam cyanide (but not of cyuioeeo) thui pUliniun. Thni mthamuni [orma » 
■syitaJlioe kydrorulhmocyanic mmf, BuH,{CK]e, which ia wlable in water a4id alcohol, 
and coireHpondi with the aalu U,Bu(CN)^ Them aie exactly lumilai oamiii eom- 
pounda— for eiample. Ki0aICH|„SH,O. The latter is oblaiued in tbg fono of coloorlua, 
■paHngly-BOLnbla regular tableCa on eraporatuig the aolution obtained from a fnaod 
mixtBTe of potaaaioDi nau-icchloride. l{,OiCl^and potaaainui cyanide. Tbwe oanic uid 
rathBoiccampouoda fully correapoudHilh patauiam Ictiocyanide.KiFelCHli.SHiO.nai 
ODly in their compoBition but alio in their uyatalline form and mactiona. whiuh agun 
demDDitralea the cIoM analogy between iron, rutheDiom, and asmiuDi, which we ha*( 
ahown by girtng tboaa three clemonta a aimilar poailiao (in the eighth group) In (h« 
pBriodic ayitsm. Fat rhodium and Iridium only >al(i of the aame type aa the [erricyanide^ 
U^BCy^, aro known, and tor palladiDm only ot the type MjPdCy^, which are aoali^Dua 
to the platinum aaJts. In all theae eiampUa a constancy of Che typtt of the daubla 
cyanidai iaapparenL In the eighth group we bare iron, cobalt, nickel, copper, and tbair 
analognaa ruthenium, rhodium, pallBdium, lilter, and also ouuium, indium, plalinnai, 
gold. The doable cyuudea of iroo, ralbeiiiiUD, oauium have the typo K.It{CN)) ; ol 
eobalt, rhodium, iridium, Uie type KjRtCN),; of nickel, palladium, ptatinom the typi 
IC,R(C(I), and K,R(CN))i and for copper, ailver, gold there are known Kfi(CM)B » 
thai the pnHiHM ot *, B, a, and 1 atoms of potaaaium ocrteaponda with the 
Older ol the elemenla in the pcriodie eyitem. Theae types which we bars bhb 
in the tortocyaiudea and ferrioyanides of iron repeat Ihemaelvea in all the plalinoid 

aquetmt midue (faydroiyl group) be admitted, in which the hydrogen i* replaoed by a 
metal, we have then only to apply Ihie mode of etpreaaion to the double aalta and Uia 
analogy will ba obriona, if coly we remember that Cl„ (CN{, SOj. «c, an equiralent to 
O, aa we aee in RO. RCt,, B90„ £c. They all -X,. and, therefore, (u point ol hot, 
wherever X (.CI or OH, &e.) can be plaeed, there (OtH), (SO,H), Ac, can alao aland. 
And ai C1]H ^ CI t UCl and BO,H <■ OH * 8C^ Ac, it folhiwa that molecules BCi oi BOb 
or, in geDcrsl, whole mDlecnlee— for IntlaDoe, NHi, H,0, ealts, Ac, can annei themsslTee 
loa compound eoDtaining If. flhie is an iodirHit DUnseqaence ol tbe law of Bubstitntioa 
which aiplaina the origio of double tails, ammonia eompouDda, oompounda with waist 
of eTyalalliaation, ie., by one general metbod.) Thus lbs double lalt XgSOtiSiBOu 
Mcording to thia reasoning, inny be cODSidorcd aa a anbatanee of tbe same typo aa 
MgClj. namely, aa - KglSO.Kj^ and the alums a* derired from AH0H)(8OJ, namely, ae 
Al(BO,K)(BOJ. Without alopping lo punue thii digrseaion farther, wo wDl a{^ 
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metals, &nd as antaooim itaelf ia able to combine irith odds, the 
PtXj pUys, as it were, the part qI an acid with reference to the 

lika Pt[OH}, i ud nioh ■ ult u PiK^Qr, m PtCyfCf ,S)„ \ht uulogna af PlX(OH)u 
or Alxi0H)h koi otbei compoDiidi ot the typ« RX,, Totautnia («rciciuiid« ud th* 
uuJogoBi fiCRDpoands af cobiU. tiidiami and rhodiutD) belong Ut tbe Huiie Ijpe, Tith tfao 
■unadiBanoMutlwre iabetvun BX(OH), aod R<OH)„iin<» FaK,Cr,''Fa(Cy,K)i. 
Limituig mjEell to Ihesa coaiiderntioni. nhich mkT puti^If elucidate tha imtun 
o( doable wlta, I will coir ptu igftia (0 the complu nliue ocmpoondi known Iqc 

{Ai Oa mixing B lolntioD ol potaaiiun thiocyuiftt« 
pUtiooMcUeiide, K JlCl,, Iher loim • double Ihiocyuiate, FtEilCNS^,, whicii ia euilf 
wlnbla ia wmtai uid aicoital. crjttalliMs in led priaiua, and gives au Diuige-ooloaied 
■olnlloii, whicli piecipitatei «a]U of the bearj metitla. Tbe tetion ot iDlphiiri 

00 thB Ie4d **lt ol the ■ama t]rpe giTea tbe add itiell, PtH,(SCN)i, nbicb 
■poDdi with theu ulM. Tha tjpe o( tluM eompODuda b evidently the lame ai that ot 
Um cyanidel. 

iBi Platinout cUaridt, FlCl,, wblcb ia intolabla In water, formi dauhU lOltt inilh 
l\t nutallie eliloridti. These donbia ohloridea are lolabla in water, and capable of 
UyttalliiiuK. Hence wbea a hydrocblotie acid nlation ol platinooa chloride 'n mixed 
with aolntioDB ol tnetallio aalta and eTaporated it tarmi cryalallioa lalta of a red or 
yellow cotour. Tbiu, for eiuople, tbe polaiiium ult, PlKgClf, is ted, and eaaHy 
•olnble In water: tha todinm Halt ii alio nlable in alcohol i* tha baiinm eall, 
flBaCli,SH,0, i< soloble la water, bnt the lilrar ealt, PtAg,Cli, la 
and nay be nted lor obtaining the remaining salli by maaai ol double deoompofitlon 
with their chloridea- 

(C| A niniulubla etacipla ol the complex componadB ol platinum 
BchUlwnberge' (1868). Ho thowed Ibal flnely-diTidod plalloBm ii 
chlorine tuid carboble oiida at 35D°-900° gJTea phoagona and a r<;Uli1e compound ix 
tuning platinnni, Tba Bamo aobitaiice ii tunned by the action ol oarbonlo oiide on 
platlnou* ehloride. It deeompou* with an ei{)lo«ioD in contael with water. Carbon 
letiaobloride diuolfu a portion ol thi> aabatanco, and oa eTSporation girei cryilala ol 
flPlCI^SCO, irhilat tbe coraponnd FtC1,,SC0 remalaa DQdiaaol'od. When laaed and 
■nhlinwd it givaa yellow needles ol FtCl^CO, and in the protenca ol aa eicau ol 
oarbonis oiide FtCt^lCO ia fonnad. The^ corapoonds are fuiiblo (tha Brat at SSO°, the 
•econd at lia°, and the third at I(IS°). In thia caae (aa in the double cyanidoij com- 
binalioD takes place, becauu bothearbonia oiide and platinoua chlonds aro onuttuated 
eompoundi capable ol tiirUier combination. Tbe carbon tetrachloride lolulioa ainorba 
NHj and gitea FtCr„CO,lNH], and PtCl„3CO,3NH„ and theae ■obilancoa an analo. 
Kona (Feeriter, ZelasI, J^rgenien] lo iimilai oomponnds containing complex aminea [foi 
faataDoa,pyTidine,CjHjir),uul«adolMH], and ethylene, &o,, instead of CO, ao that hate 
wa bare a whole aerie* ot complex platiniHWmponndi. The compound PtCI,CO 
dimlTei in hydrochloria acid witbont change, and tbe lolulioa diaengijei all the 
Mibonle oxide when KCK ie added lo it, which ahowa that thoae lorees which bind 

1 molecolai ol KON to PtClg can iJw bind the motecote CO, or 9 molecolea of CO. 
When Oa hydrochloric acid aolation ol PtClgCO ia miied with a aolotion ol aodinm 
acetate or acetic leid, it givea a preolpitata at FtOCO, i,t. the CIj ii replaced by oxygen 
(probably because the acetate li decompoesd by water). Thia oxide, PtOCO, aplita np 
into Pt * COj at SM°. FtSCO ia obtained by the action ol aulphurelted bydrogea opoa 
PiCtiCO. All Ihii leads to the ooncluiioD that tbe group PtCO i> able to aiaimilate 
X,^Ctu 9, O, drc (MyLui, Foerater, 18S1). Pnllingor (1S91|, by igniting apongy 
platinum at 450°, firat in a stream of chlonna, and then in a stream ot oarbo ' 
obtained (besidea loUtita prodncte] a non-toUtilo yellow substance which 
qncbanged in air and disengaged chlorine and ^bosgeue gas when ignited^ i 
silion waa PtC1t(C0):, which apparently proiea It to be a componnd ol PtCl, and 
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Owing to the influence of the ftmroonia, the X, 
resultaat compound will repreEent the soine character aa it hiu 

, wid tonot •omawhal lUbla 

le rompoandi with diTcn sob- 
Mums ilioHB itiwU in tfas loroution ol the componnd PtCl^PCl, by lh« telioa ol phoi- 
pboruB pEDtachlohda it "60° on pIxlLaam powder (Fd nicti in a umilu muisaf, 
usording lo Fink, 18W). Ths pradnri «onl<Jai both phcMphoruB penluhlorid* ud 
pUlinam, vliUit tho preuncA of FtCl, ia ahann in the lul that the utioii of wtifr 
pndBciea chlorplalino-ptKt^horaui atid, PtCl,P(Oa)j. 

(E) After the.nj'uudei, the i^Dublf iaU> al pUlaDDm formtd by lulphurouM aeid an 
lEUMt difltiugniEhed fot UkeJE etabiUtj uid chBracteriatic propertjoi- Thia ii all tba mow 
iDitmctiTe, fta auJphiuoai acid ih odIj feebly enorgetio» and^ EDoreover, in these, aa m ell 
ita cotapoiliidi, it ailiibila t daal reaction. The aalta ol anlphoroua acid. RgSO^ aiUur 
TeacI u aalM of ■ feeble bibaiie Hid, where tba group SO, preeonte itHU M binlant, 
end DODBoquently eqnal toX^.or elae they react after the maooor of taltaof a monobaac 
aoid DOntaiDJiig Uielame nuidue, BSOj, n mean in Uie aaita of lalphuric acid. In ml- 
pboronfe add thia realdue ia oombined with faydrogeo, H|SOjB). whilab in lalphnric acid 
it ia united with the aqaeaus reaidue (hydroiyl). OH(SO,H), Tbeae (wo [olma of actioii 
of (ho inlphite* appear in their reactioaa with the platinam aalta — that ia to aay. aalU of 
both Uoda an formed, and thry both comapond with the type PlH,\,. The oca 
aeries of aalli conlaiD FtH,(SO,),. and their mctiooa are doe to the hiiatenl reaidnc 
of aii1];diiiE<oqB acid, which replacea X^. The othera, which hare the rompodtion 
FlB,(SO]H)i, conlaio aolphoiyl. The latter lalta wUl flTidmtly react likftacida; they 
are formed eimoltaneooaly with the salts of tlie Hrst liind, and pais into Ihem. Thai* 
aalta are obtained either by directly diaaolvibf; platinona oxide in water containing aol- 
pbonna acid, or by paniDg lulpburoDa anhydride into a aolntion of platinooa chloride 
io hydrochloric add. If a aolntion of platinoui chloride or pUtinona oiide in lalpboroDa 
add be aatnrated with aodiam carbonate, it forma a white, aporingly aolubie precipital« 
(Oiitaining PtNa,(SO,Nal„TH,0. U thia preoipitaU be diiaoWed in a email qnantily ol 
bydroohlorio acid and left to evaporate at the ordinary temperature, it depoaila a aalt of 
Che other type, FlNa,(SOj)„HiO, in the form of a yellow pooder, which ii epaiingly 
•olnblg in water. The potaaaiom aalt analogoui to the 6rBt eall, PtK,(30,R),,aH^, ia 
precipiUtad by paeaing aDlphDront anhydride into a aolotion of putaaaiam aulphite in 
which plalioona oxide ia anapended. A aimiUi aatt ia known for ammonium, and with 
hydroeblocie add it gixee a aalt ol the aecond kind. Pt(NH,l,(S0])„U,O. If anunooio- 
(Florida of pUtinom be added lo an sqeeoiu solntign ol aulpbunrua anhydride, it ia Grat 
dniidiaad, and chlorine is cTolved, forming a aalt of the type Ft]!,: a double decompo- 
dtion than takea place with the ammonium aolphit*, and a aalt of the compoaitien 
Ft<NH<)iai(eO,H) ia formed (in a deaiccator). The acid character of (hia aubgtaaoa ia 
aiplained by (be fact (hat it containa the elemeDU 80]H— aulphaiyl, with the hydrogen 
not yet displaced by a metal. On saturating a eolation of this acid with pntaaaima 
earbonato it giree oranga-cclourcd cryitala ol a potaaaium sail of ths flDDipowtioo 
Pt{NH4),Cl,(SO,K). Here it is evident that an equivalent of cUorine in Pt(N[l<),CI, ii 
■eplaced by the nniraleDt reaidne at aalphnrooa acid. Anong these aalta, that of the 
OompoBtloD Pl(NH,),Cl,(SOiH)„H,0 Is nry readily formed, and eryslalliH* in wall- 
hwmed colonrless cryatalai it ia obUinad by diaaolving ammonium pUthiGSodilorida, 
Pt(NH,),CIu in an aqoaoo. eolation ol anlphurona acid. Ths difficulty with which eal- 
phnrona anhydride and platinum are aeparated from these aalta indicatee the aama baalc 
ebaiacter in th^ae compoonds *a is seen in the doable cyanides of platinom. In tb«I 
paaiage into a comptei salt, tbe eutal platinnm and the group SO, modit/ lh>.ir 
niationa [onnpimid with thou ol FIX, or 80^,1, just as the chlorine in the aalM KCIO, 
SClOh and KCIO, ia modified in iU relationa aa compared with hydrocblorio acid M 
potaaaiwn chloride. 
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raitm]<nuacal ultB ; conBoquently, the Ennmoaiacikl eotnpoimdB produced 
from PtX, will bo salts in which X will be replaceable by various 
Other haloids, jmt as the metal is replaced in the cyanogen salts ; such 
ia the nature of the plalino-ammonium compoumU. PtX^ forms com- 
pounds with 2NH, and with 4NH], and so aUo PtX, gives (not 
directly from PtX, and ammoiiia, bat from the compounds of FtX^ bj 
the action of chlorine, tia.) similar compoands wiili 2NH, and with 
^F) No letB cliumanBtic uv Vbv ptatinimUriUi lormed by itUtinoni oiide. Thajr 
■onvqioiid with nitroiu uid, wlu*a ulta, BNO,, HtDUin Ihs aniidcct nclide, NDi, 
which u eapibia ol repluing nblorinB, and therelon Uig folta of thu kmd (bonld rom a 
tanmsn tyft PlR,(HOi)„ ud tnch • Hit of potuBium hu ulniU; b«a obMined bj 
Biizmf a wlnUoQ of potetiiimi platEELOUuhlorida with a soLalian cf pobBadqm nitntfl, 
■Than Ihe liquid becoraei colrnul***, aapadallj-if il bs Iwatad, which indicatn Iha chuga 
la Dm Gbsn>[i:ii] diBtribntion at tha ilnisDU. A> iha liquid decalorian il endnally 
dapouta apaiinglT tolobla, oolonileu Frisma of Un tntaniom mix E-,Pl(NOJu vbldl 
deaa sot eontain uj «al«i. With lilm nitnto a aolntion of this »lt givM a pnKipitaM 
ar*IlTarii1atinonitrits,PtAe^ttO,)t, Tha ailTsr of thii lall iat,jbe leplaud bfolhet 
notiilt by rawM of doabla dooooipotitioa with metallic eblDridea. The ipuiaglf lolublg 
barium latt, when treated with an equivaleat qiujiititf of mtpbonc acid, ipvee a icJnbta 
aoid, wbioh leparatoa. noder the nooirsr of an air-pamp, lb T«d crfitela ; Uiifl acid haa 
Um ooapoiilkm FlH,[NO,),. To tb« potuBium nil, E,PI<NO,),. (hen conHpand 
(VtiBa, 1891) K^t(NO^,Bt, aod E,Pt(NO,),CI, and other eompoacdB of IbefametTpe 
K^lXa where X ii partly nplaced bj CI or Br and iwilf hj (NO;), ahpwiag a 
tauuitioD towanli the Ijpo ol Ibo dooble aoltt like Ute platino-aiamoDiaca] lalta. {Tho 
oornBpoadiD^ doabla aodiom nitrite salt of cobalt ia Boloble in water, while he K.NH^ 
•od nany other lajta aio iaanlDble Id water, al I wu infbnsed by Piof. K. Wmldu 
in ISM). 

In all Ilia preoeding eompln GompoDDdi of Ft «b Me a comtnan type PtX,,a)fX 
(U. of donbla ~1U GOrrHponding (o PtO) or PtU^ = Pl|UX,j„ oomnpondiog lo 
Ct(RO)i with the nplaoemaDt ol by iU eqaiialaot X^ Two other facts mstt alio ho 
BOlad. In the finl place these X'a gaosnlly oormpoDd lo elonenti {lik« thlorine) or 
Snapa (like CN, NOi, SO^ lie), wbicb us capable ol further eombiaation. In Iha 
Heond plaoo all tho campoonds o( Uie type FtU^ ara oapabls ol dambininB with 
Btilarioa oraunilai aluDenlt,aDd thus paBiiug into WHnpaaada of UiatypoaPtSj orPlX,. 
" Tin pUtmom ul( &nd uamoiiia. whaa onea egmlniMd together, are no loBgar 
■Bbjael to their ordinary raHctioDa but form eomponada whtch an comparatiTelr very 
•table. The qneilioD at once (ogputi itsalt to all who are aoqnainted with Ihcis pheno- 
Bwita, B> lo what ia tha relation of the clementB contained m IhoH oompoands. The Gnl 

putiallj replaced by platioom. Thia istheTiaw, with certaia ahadeaol diffcrencH, bald 
b; many reipecting Uia platmo-anunoniiun Dompoonda. They wers regarded in Uua 
light by Gerhudt, ScliUt, Kolbe, Weltiien, and many othan. It we anppoac the hydro- 
gin in aKH,X to be replaced by biTalenl platinum (aa in the aalta PtXi), we •hall 
■ound PtXiulNB}. The sompgond with iNHj will 
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If ammonia acta oa a boiling tolotion of platinous chloride 
hydrochloric acid, it produces the green aalt of Magnus (1829), 

pUtmam. uid b; Uu fifth witli chlotiDC The othai compauDd » Pt(NH{-imiCI)f— th*l 
ii, ths N ii unitod bf ona ftffliJtj iritb tha other N, whilit thii nmniniug bondi m Uw 
ume *,i in the Qnt ult. Il ii ovident that this onloD oi chua of amiociiiiu bjti no 
DbiioDi limit, uid the moit aiKslul bolt ol lucb a moils ol npraieiiUticHi i* thml it duea 
not indicate at all what mlmbar of ammoliiai ato eapftbls ol boiog ntajusi] bj ptaliDDm. 
Horaovsr, it is budl; pc»ubl« to odout the bond between nitrogen and plalianm In andt 
itable compODndB, for tfaeas kinda of afSnillea aie, at all erenti, feeble, am) cannot lead 
to stability, bnt would rather indicate eiploiiie and easilf-decompoaed componndi. 
Hdreorer, it in not clear why thii platinnm, whieb ia capable of giving PlXj, doea Dol Kit 
" ' ' 'ie addition ol anunonia to PtX, take> ^sc*. T 
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1, ia PtXi,aNej, the 

ext>ro9wd by the formnla N^H^PtX]. Without enlorgiag en tfa 

ot tbia doctrine, we will only mention thai it, like the Ont, doe. 
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( PtXi 

oipoaition ot the detail* 
not render it poaaihle to 
onia ; it isolates compoondt of thii Und 
inw the connection between compoonda of 
alialty only erpreiHtt the fact ol the com- 
liinatioa with ammonia and tfaa modificatioa in iti ordinary »actioD>. For lh*M 
teaaonfl we do not bold to either of theae propovd ropreaentationi of the anmunuo- 
platinnm compoiuids, bnt regard them, from the point of view cited above with referenu 
to double salts and water ol crjftallisation— that la, we embrace alt theie compoonda 
luder the representation el coDipaimda ol complci types. The type of Uia compaoad 
PlX„9NUj ia tar more probably the same as that ol Pl^lZ-i.*. as FtXj, or, atiU more 
uearately and tmly, it is a compound ol the auoe type as PtX,,3KX or PtX^lH^, &o. 
Although the pUlinnm finl entered into PlS^ aa the type PtX,,yetita chuvcler ba« 
obugediatliesiuneinuuierai the character ol snipbnr changes when from SO, tbaeen- 
pDBnd80^0H)]iaoblained.orwhenKClO,,theliigheT form, iiobtained from KC1. Foraa 
ai yet there ia no qnestion aa to ifW afSnitiei hold S, and >rhiitho1daNH,,b««nBelhla 
it a question wbicbarigeB Irom the supposition ol the eiistcnco of diOcrent al&nitiet in tha 
•tomt, which there i> no reuon for taking aa a common phenomenon. It eeema to DM 
that it il most important ai a romnieiieflnimf to render clear the anidogy la UielormMiaii 
ol va^oas complex compounds, and it is this analogy of the ammouia compound* willl 
those of water of crystaJliaalion and double aalta that forms the main object ol tbi 
primary generaliaation. We recognise in pUtionra, at all ••enti, not only the fbar, 
affinities eipriueed in the compound PtCl„bula much larger number ol them, if onlf 
tlie luniiuafiDn efaginitia is actually poaaihle. Thus, in anlphur we reoognise not two 
bat a much greater nnmber el alBoitieai il la clear that at leaal air siHniliei can aek 
So alio among the analoguetot platinnm; onnio anhydride, OsOu Ni[CO}„ PtUgCU, A^ 
indicile Die eiistence of ul least eight alBnitiea; whilst, in chlorine, judging from th> 
compound KCIO, - CIOiIOK) ^ C1X„ n muat recognise at least eenn atftnitiM, 
iBileod of the one which is acwpled. The latter mode of calcoliling aSniliee is a tribnl* 
lo that period ot the development of seienee HheD only the simplest hydrogen eompomida 
were considered, sod when all eomplai componnds were entirely neglected (thqr «*n 
placed nnder the daaa ot laoleeiJar oomponnds). This is ina^ufficienl lor the pNHDt 
state of knowledge, becsDie we ISndlbal, in complex eeraponnds aa In the most sinpla, lb* 
same GDOilant type* ot modes ol •qoilibtiam are r«pa*tsd. ud the character ot eota^ 
is greatly modlfled in the paaaaga from lb* ooal aimple into rery oonpla 
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PtClj,2NHji insoluble in water and hydrochlonc noM. But, judging 
hf itfl reactions, this ault haa twice this formula. Thns, Groa (1837), 
Ml boiliDg MagTiua'saalt with nitric acid, observed that half the chlorine 
wma replaced bj the residue of nitric acid and half the platinum wa« 
tfaengaged : 2PlCl,(NH3), + 2HN0a = PtCl,(NOa),(NHa), + 2PtCl,. 
The Oroa's salt thus obtained, PtCl,(N0,),4NHa (if Mtkgnue's salt 

Jodging from Uie most oomplei plilliu-uiunoimun compcmid* PtC1,,4NH], wa 
AenU sdnil (hii powbilit^ of llu fnnulioo ot cdmpoiuidi nt thn typa PIX,Y„ whsn 
Tt ~ IX, " iNHj.' UDd Uiw ■bowl llut Uum Iqfch which form locli m chirutnifstia 
Mnu of dnuhlB ptatiiiocjuideH P(K](CN),jB,0. prcfaihl; slsa doUirtauie the fonnntioll 

PiCI, NHj CI, BSHj 
PttCN), KCN ECN BH,0. 

Uanorei, il [• obrioiuly raach more utuni lo Hcnba (ha bctilt]r for ccuabiiutian 
w<th nY (a the whole ol Uie Htiog etnoenti— Uut ii, to PlX, or FtX,, aod not tO 
|i|ktiiiiim oiQii*. NHtoralLy tncfa compoond* kre not produced with uiy T. With 
eeitnia X'a (here onl; conibUie oertua YV TbB beat kuaim ud nasi Ireqnenll;-, 
tormed compoondi o! Ihii Mod tn Ihine »ith ir&tac— thftl i>, compouDdi with waluT ot 
STitelliHtioD. Componndj with ffJtB lUv doublfl wilte; iIbo wq knoir th^t Bunil*r 
BompaundB M* aJaa trequfliitlj formed bj maflAft of ommoBia^ SnJtp of liaf, ZdX^ 
ooppn, (^uXj, ulT«r. AgX. nod mu; olhengiTS BiDiilu BompoDtidi. hul IbiH nud muf 
other aniTiiiinia-ni<i|iif2ie uline compoDndi iLtD nnittble, ind r»dilT pajt vitb their 
eonbined lunmani*. uid it is obIt io the (lemcU of the plitiniua 'group und in th* 
fronp of th« uiaJofTOO of iron, Uut we obserra the fuolly to form itiiliU nmmaDiii- 
net*!!^ compoandi. It muit ba Kmembcnd that the raelil* ot the plitionm uid inn 
gtoopa vt Me to form KTeral high gndea ol oiid&tion which hL>« hi «id chuuter, 
•Dd ooaieqaently in the loner degieee ot combinitian then fat rRuin ■Rinltin npaUe 
Of reteinine olher ckmenli, tnd tho7 prohahlj tftain unmoiiiit, aud hold it the mor* 
it«bl;. beotav aJl the propditiae of the plbtiuoBi eompounde are nether u^ thui htsio 
—that ia, PtX. leolli uthai HX or auX. Of CX. Ibu EX, CaX,, BaX,, ke^ and 

FnrtLat, adepeodeDoe, or cerloia coDnecticQ of the forma of oildfrtian with the jttnptnti^ 
compoonda, laeeeu ou comparing tba following COIopoiindj^ 

Paci„SNHs.H,0 PdCT„JNHi.H,0 

PlCI„3NHj PtCl.,*NHj 

BhQj.SNHj BliCla.tNHs.»H,0 

IiCli.SNH, OsCli,lNH„aH,0 

W* know that plalinnm and palladinm gin aompanada of lower tn>" *>>" iridimn 
Mdihodiom. whilit nthenium ud MniiDU give the highest forms of Diidatioi; Ihia 
ifaaira it«U in Ihia cue alui. We Ibtb parpoielj cited the aame componods with INR) 
lor eBaiiun and nilheoiiua u we han for pliliouni uid pallndiiun. and it is then teen 
Ibit Bn and Oa ara capable of numing 3U^ aod 3U,0, beaides CI, and NU,, which 
Iks eompoamds of platjnun and paUadiom ire nnable to do. The same ideaa 
whish wu« dereloped io Note 3e, Chapter XXII, reiprcting the cabaltia compoonda ars 
petfectl; applicable to the present case, ij. to the plalinia eODpeanda or ammonia 
Donipctmda of the pUtinom metala, ajuong which Bh aod Ir give oompoundt which wr* 
partBctlr aniJcgani to the cohaltia compounds. 

Iridiom and rhodiiun. which easilj gire compoands of the type RX^ gine componnda 
(aau) of Ihe t;pe IrX^NH,. of a nw> cdonr, and RbSj.SKHi, of a ;e]law cDlcur. 
JHrgenseo, in his lesraichea on these eompoindi, showed (heir entire analogr with tha 
~ as waa to be expected Inm Uw pariodie sjistem. 



894 PEIKCIPLES OF CHEMISTRY 

belonga to the type PtX,, then Gros's baH belongs to the typ« PtX,), is 
soluble in water, and the elements of nitric acid, but not the chlorine^ 
contained in it are capable of easily submitting themselves to double 
Baline decomposition. Thus silver nitrate docs not enter int« doable 
decomposition with the chlorine of Qros'a salt Most instructive was 
the circumstance that Gros, by acting on his salt with hydrochloric 
acid, Bucceetled in substituting the residue of nitric acid ia it by 
chlorine, and the chlorine thus introducedi easily reacted with stiver 
nitrate. Thus it appeared that Gros's salt contained two varieties of 
chlorine — one which reacts readily, and the other which reacts witli 
difficulty. The composition of Gros's first salt is PtCl,(NH»),(NO)), ; 
it may be converted into PtCIj(NH}),(S04), and in general into 
PtCl,(NH,),Xj." 

The salt of Magnus when boiled with a solution of atomonia gives 
the salt {of Reiset'a first base) FtCI,(MH^)„ and this, when treated 
■with bromine, forms the salt PtCljBr/NHj),, which has the same 
composition and reactions as Gros's salt To Reiset'a salts there 
oorresponds a soluble, colourless, ci7stalline hj/droxidt, Pt(OH)i(NHj),, 
having the properties of ti powerful and very energetic aVcali ; it 
attracts carbonic anhydride from the atmosphere, precipitates metallic 
■alts like potash, saturates active acids, even sulphuric, forming 
oolourlcM (with nitric, carbonic, and hydrochloric acids), or yellow 
(with sulphuric acid), salts of the type PtXjCNHj),." The com- 

>' SubiaquenUr, a wholg urieg ol lacb compoundB wu obuined with vnrion* 
dementi in (he pUce ol ths iDon-tsutiiig) chlorine, mod oeTerlholsu Uiej, like Uia 
chlorine, nuted with difBcnl^, vhOit (be Ktood pertion ol (he X'a introduced into 
tneh i^ti eneilj underwent Te>ction. Thii fcpfmed the moat iinportAnt region tot the 
Intereit nhich the itndy of the compOBittoa toi itractnt* ol the plutiaa-ammoniain 
ulu BubaEgueatlj pteienled to muj cbemuU, Boch u Reifet, Btomrtiuid, PejtcoM, 
Buefliki. GcihudI, Bucliton, CltTS, Thaiaxiii, JijrgfliuD, Koumakofl, Verner, ud 
otlmn. The ulli FtX^ilNB;, diKorored bj OerhuYtt, alga eihn>it«a Hvenl diffeisat 
propcdiea in the two ptin o( £'•. In tho remuning pUtiDa-uninoiuam ult« iJl tb* 
X*! appou to react alike, 

Diequ^ljFul the X'l, retainable in the platino-anunoniiun ult<,ma]rbecou^enUj 
modified, and they may frtqnently bs wholly at pnrtialljr replaood bjr hydroi;!. Fo« 
aiampk, the action ot anmonia on the nitnla o[ Gerhaidt'i ba«e,Pt<NO,)vaMI„ma 
bcUing tolution, giadnallj prodaoei a yellow ciyilalline precipitate which it nothing 
elH than e huie Av'l™'' <>">''('''>> Ft(OH)uSNHs. It is ipaiingly Eoluble inwatH.bnt 
givei directly loluble eolta PiXi,ilNHs with acidi. The itability ol thin hydmiide ia 
soeh th&lpolaih doeanotupol ammonia from it, eTon on boilings and it doei not chang* 
below 190°. Similu propeniet eie ihown by the bydroiide Pl(OB),,l?IHi and Iha 
- ~ - ■ - - - leoomponndi cob- 
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pontive atabili^ (For instaoce, as compared with AgCl and NHj) of 
ancb coropoundi, and the exiEtoace of many other compounils analogoQB 



T (be {iropaniM al nJkiUii, joit u U» chloiioa 
nu]t dibtincUf ; bot Mil, ilia the ptDlongsd 
repUwd by iHidi. Thna, (or Europte, the Ktion 



■nd (b«M hrdtotidaa do not itt once ■ 
wldah itaad* in bhe aano pUoe does i 
■otioD of uiid% tliii hjrdroijl gnap ib b 

ol Dian uid on Ft{NOiM^U(NU, niuei Uia non-uljia oblonne U nut, bat id tbs 
pndactkll theoUariDe uiui(nplued)>yNO],bDloiilrluir,ud theotlHirhiUunjdusd 
iTttMbrdnHi'Ignap; Pt(KOg)^MNH,-f HNOi-hH^=Pt(MOiM0H|,«NBj+aacl; 
■Dd thift ia particolKrly chAraot«riatiD» becaoBt b«n the hjdntxrl group Jul bot ttnetad 
with tba add' — an Bvidaqt ai^'of tba iioa-alkiUine cbaraotfii of thu nuidua. 1 thiuk il 
Bai ba mil to oaJl attvalioa to the tact thai tba Dorspotitios of tha anmoaia-mshiUa- 

el NH), ot inch • nature that we bod the; conli,m either XfiHi « (be groDping 
ZaNH,; lor example, FtpCNH,), and Pt(XaHII^], Ca4X2NH,)„ PtpUlHjIj. An. 

giran in Note It Snda »me aanfirmatioo bnv, bat. in mr □pinion, all iDetliau 
and iCructnre) of (be anuDoniacal, double, oomplax, asd 
fU MiDpauDdi itand ognnected with the lolatidD ol qnattions reipectlsg lb* 
fOnnaBion at componnda of Tariodd degree! of alabilily, among whieh a theory of 
aolDtlDoa mnit be indudtd. and therefore I Ihidk that (be time baa not yet oomo lor • 
ounplaM geneialitation of the data iihich eiiit for theBeiwnipDiuidai and hen^ I agi^ 
B the reader to Prof. Eonmakoa's work cited in Chapter XXtl,, Mole SG. Ho<r«I«r, 
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To the common properliei of th 
■taMfilff (fMble KidB and alkulia < 
by heating, In.), but aim the tact t 
1b tben to aa great aa aitent ai those of 






It add DC 



iinlytbtdt 



: ddcampout (hem. the ammi 
le ordiniuir rDactiona of platinum are concealed 
iron in the femcyanidn. Thun neither alkalia 
_ ID (ulphide will Mparate the pUtinum from them. Far eiunple, aolpburettod 
hydrogen in noting on Groe'eialla giiet aulpbor, remoTBibalf the ehlorlna by meani ol 
fto hydrogen, and tomiH aolti of fteisafafint faaau. Thiamaybe nndaratood or expiainvd 
'le plutinum in th« majecnle aa oofarad, walled op by the ammonia, or 
entre of (be molecnie, and therefore inaooaanbla to nagenti. On thie 
erer, we aboold eipoct to find ctearly-eEpreaaad ammoniacul propertiaa, 
and Ihii ia not the oaae. Thai anunonia ia easily decompoaad by chlorine, whilst in 

oombinea and doei not deilroy tho ammonia; it ccm>iir(H Raiaat'i salla iota tlioaaol 
Oroa and Onhardt. Thai from PtX„IlNHj there it farmed PtX,Cl„£NH,, and from 
RXi.lKBa the salt of Grot'a baae PtX,Cl„lNH,. Tbi> ibowa that the amouat 'et 
ehkmne which combines ii not dependent on th* aouont of anunonia pretent,bnl ii dtM 
to the buio propertiee ol platinum. Owing to thia tome cbemiata auppoie the ammonia 
to ba iaaetJTe or paaaive in certain oampounda. It appaan to me thai Iheae relationa, 
Ibua mndiantioni, in the nioal propertiea of anunonia and platinum are etplaloMi 
fleetly by their mniuaJ combination. Sulphor, in inlpfantoua anhjilride, 30,. and 
l^diogan snlphide, 6H,, ia natDnJly one and the same, bat if weonly knew ot it in th* 
fcrm of hydrogen aulphido, then, hating obtained il in the form of ■nlphnrous anhydrido, 
va dMUld conaider ita properties aa Uddan, The oiygan in nugneeia, HgO, and in 
lArJe peroxide, N'Oq, ia so diSerent that there ia no renmhUnoe. Ananie no longer 
naelatn ita oompounda with hydrogen at it reacts in ita componnda with chlorine, and 
bl th<nr omnponnds with nilr^en all matals modify both (heir reaotjon* and their physical 
We are aecotlomed Ut judge the matala by their aaline compounda with 
■a, and ammonia by its campounds with acid eabatances, and here, in tho 
laiinom to be bowid to the entire maai ol Iha 
> ile hydrogen and niUogsn— we ahall gnderaiand that bolb the platinan 
ia modify their oharactera. Far more euDplisalad ia (ha qooation wtv e pcC- 
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to them, endows thom with a particular cliomical interest. 
Kouniakoir(18SQ}obtitmedaserics of corresponding coropouadsc 



north 



cbloTi 



B (and Diber htloii sii 



)> granpi) it 



St from ihe other portion, and why only hilS of 

tttnchloridi dues not »ut vilh the ume eus with metals u Ihe chloriae in the mtlu 
oomiiponding with bjidnMlilDiiii usid. Id thi> cue it ii aniud to aij'gim tai cubes, 
whilst in the plaliso-enmoniiun compousdi it is united putl; to pUtioom sod putly lo 
the pUtiDo-uiuniHiinm group. Ueny chemistB, looreover, lappoH tint ■ put o! Iha 
cUotioe li united diieollj to tb« platiaam Mid the other poxt to the nittogeD o( the 
aaunoniik, sad thaa eiploia the dineresca of the Teiu;tiai<s ; but chlorius united la 
plitinam leiuti u well with ■ ailvet ult u the chlorine Dt (nuDODium chloiidr, KH,CI, 
01 nitnajrl chlorids, N0C1, although tbero is no doubt that in this cue then I* ft 
nnieu between Ihe chloTine end nitrogen. Heaoe it ii neceuarT to eiplein the ibniw* 
of ft teeib reuotive upuity in » portion of the chlorine by the conjoint ■""i-'rmt 
of thA platinum and ammonia on it, whilit the other portion maT be tdmilled fta 
being nodsr the infloeace of the phttinoni onlj, and thereloie ai reacting u in othec 
udli. Bf admitting a certain kind ol etable nnieu in the platino^unmoniDm gtoD|dag, 
it IE posaihle to imagine that the ehtorine does not react vith Hi cust^unarj Facility, 
beeanw MCiu lo a portion of Lbs atoma of chlorine in Ihii complex groaplog is difBcnl^ 
(LOd the chlerine union is not the lamo ae wo nanally meet in the laline compoonda of 
chloTine. TheH are the gnonndg on which we, in refuting the now accepted eiplanA^ona 
ef the reactions and totmation of the ptatino-compomids. pronounce the following opinion 



Thns ^^M 



Id ehaiiKteriiing the platino 




ii neceaaaty to bear in nund 




lontain PtX. do not combii 


le direcUy with NHj.and that 


ch coinpouadii as PtX„tNBi 


onlj proceed from PiS^ ■ 


ind therefore it i< nitnra] to 


oclode that these slGniliea aa> 




lo combine with X, a]» wom 



with aNH^ 



ig the compo' 



Xg.aNH,, and tnppoiing that in 
anDseqnenllj comoming with CJa il reacts wiin cnoH affinities which produce the oom- 
peands of plalintc chloride, TtCl^, with water, potassium chloride, potuiiom cyanide, 
hydradilorii: add. uid the like, wa explain not only the fact of combinition, bat alw 
many of the reactions occurrfng in Ihe Iianaition of one kind of pbilino- ammonium talta 
tew anothEr. Thus by tbi* means we explain Iho fact that (1) PtX^SNHj combine! 
irith SNU], lorming aalUef Reiset'a first base; (1) and tlie fact that this oompsmnd 
-(repnemled u foUewa for 'diatinctnaaa), PIX^aNHj.lHHj, wheo heated, at even when 
boiled in solution, again psssea into PtXi,lNHs (which resembles the ea^ dissngsg*- 
ment of water ol cryilalliiation, Ac.) ; (9) the l»l that PtX,,3NHj is capable of abB9ri)in<, 
under the action of the same forces, a molecole of chlorine, FtXbSNH,,CI,, which it 
then retains with energTi becsiuaa it is attiacted, net only by Ibe platianm, bul also by Uw 
hydrogen of Ihe ammonia; (4) the fact that this chlorine held in this somponnd (of 
Gerhard!) will have a pnaition nnusoal in salts, which will ciplaiD t certaio (althaugh 
TEry leebly-markcd) difficulty of reBctioo: <5) the lul that Ihia does not exhaust the 
faculty ol platinum tor further combination (we need only recall the compoiasd 
PtCI„lHCl^l«H,0).and that therefore both PtX^3NH,.Cl, and PtX„lNH„3NH, are stiU 
capable of oinnbiDation, whence the latter, with chlorine, gives FtX,.3>'H].ltNHs,CI„ 
alter the type ol PlX,T, (and perhaps higher); (S) the tact that Oros's eomponadl 
thus fortsed are leadJy rc-converlcd into the salts ol Beiset's first base when acted OB 
by reducing i^cnts: (T| the fact thai in Oros's salla, PtX^3NH,[NH,X)^ the i 
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Id chloric 



» haloid will react ■ 



■ttaehed both to the platianm and to the an 
la tacBlty for further c 



h ditBcolty wi 



1 salU of ailrer, Ac, because it ll 
a, for both of which it has an attrae^oa I 



s, and that we actually bi 
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ing thiocarbamide, CSN,H„ in the place of ammonia, PtCJ„4CSN,H„ 
and olbera correspoiiding with Beiset's salts. Hydroxylamine, and 
otter substances correeponding with smmonia, also give siioilar c 
pounds. The common properties and composition of Hucb compounds 
■how their entire analogy to the cobaltia compounda (especially for 
nitheninm and iridium) and correspond to the fact that both the 
platinum metals and cobalt occur in the same, eighth, gronp. 

a ton 

)r siunpla. PlC),,lNH5,aNHi-boUl 
oornbrnn with water uid ^itf pr«jpit4(4H (solnbLa in water bnt not in hijclrochlono acid) 
of doobL^ u!ti with nuaj B&lti of tbfl he^Tj mftt&Ii — For exuDptd, with load olUorfde, 
sapric ehJonde, uid also with plitinic ud pUtinon* chl<>ridoe'(Buclrtoii'i ult*). Tba 
Ulta compoands wiU hitTa thg canit>°s't'on FtClv,SNBs,Z}rEIsf IClf— thU i^ th« 
»mp««itioD ft! tho UblU of BoiHt's bocond biK, but it cuiDot be identinl with iL 
8Bch ui iateniting cue doe* utullj «iiit. The fint a^t. PlClKtNBi,PtCI» u gnea, 
iualsble ia wlIct tni in hjdrochtDris Kid, and ii Imowo u Uafftui'i laU, and Cha 
Meciiid,PtCl,.aSHj, il Beiiel'i jellow, iparinglr lolable {m water). The j are polTmoric, 
tumiilT. til* ant contaiDi twice the aamber of elemetita held in the ucond, and at (ha 
(ame time the; euilj put inlo ea«h DtlMC, II unnianii ba added to a bol hTdiDchloiia 
•cid aslqlion of plalinoui chloride. It lonat Qi» aatt PtC1„4NH„ bat in the preaenca of 
aneioeai of platiaouachlondait^TeiUagiiua'auJt- Oa boUmg tbetatteiiauiunoniail 
gireaacolonrleta aolnbte aalt ol Beiiet'i Srit baie. FlCl^fMBi.aod if thia be boiled with 
water, ammoaia ia diiengaged, and a aalt ol ReiRl'a tecand base, PtCI,,lN H], la obtained. 
A daii of pbttioo-funmopiuni iaomeridea (obtained by HiUea and ThomBen) are alao 
known, Bnckton't aalli— loTaiample.the copper aalt— were obtained bjlhem from the 
•alia of RelHl'a fint bau. PtClvlNRi, bj treatment with « aolDtion ol coprio chlotMa, 
^c-, and tberetDTe. taotdlng to our method of ekprDBeiDn. Bucktoo'a coppor aalt will ba 
PtC)i,(KH„CaCl,. This aalt i> aolable in water, hot not in hydrochloric acid. In it 
the ammonia mnat be ooniidend aa united to the plttiDnai. But if copria chloride be 
diiaolvtd in ammonia, and a lolntion ol plalinons chloride in ammaoium chloride ia 
added to It, a (islat precipitate It obtained ot tlie lame conpoiition ai Baekton'i 
lalt. which, however, >a Inaoloble in water, but aolnbla in hydrochloric acid. In thia a 
porticm, if not all, ol the ammonia mnat be regarded aa, united to the C6 
therefor* b* repreaented aa CDCl,,tNHj.PtCl,. Thia (orm la identical in eompa 
hDl diffariDt Id propertiai (I* l*omerlc) with the preceding lalt (Bnckton'a), The ■ 
Htgniu ia intermediate betwsen them, PtCl,,INH,,PtC]i : it ii inioluble in waloi 
hjdrochiOTifl add. Theae and certain other initancea of iaomerie compoonda L 
■uiei ol the platina-annnanlmn aalta throw a tight on the nature ol the componn 
qneaiion, jmL aa the atud^ of 



ie chief 






otorgani 



we PLa; add that (ic 

kinda ot intennedieta compounda between the platlni 

Uiea en the one hand, and the complei componnda of nitrona acid on the other. 

I^eriiapa the iualanco of the reaction of ammonia npon oemio anhjdnde, OaO,, obteired 

hj Fnleche, Ftfoij, and othera, and more fnlljr Btndled by Jolj (iSBl]. belougi to thia 

iUbl Tb* latter ahowed that when ammonia acbt npon an alkaline eolotiao ol OaO, 

th* reaction prooeeda according to the eqaation: OaO^+KHOt NHj-0aNKO, + aH,0. 

It might be imagined that In thia citae the ammonia ia oxidlaed, probably forming th« 

naidue of nitrooi acid (HO), while lb* type OiO, la deokidiaed into 0*0» and a aalt, 

OaOfNOKKO), of the typeOaX,it formed, Tliia aalt cryatalliaet w< 

Odahedra. It eorresponda to ofmuiinjc acid, OaO(OH)lHO|, whoa* anhydride, 
(0«0(NO|}hIi" tbecompoiition 0b,1J,0s, whiefa equal* flOa •» (1,0, to the aame eiteni 
M the above-menlioned compound PtCO, •qui* Pt t CO) (<>t Note 11). 
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CFAPTER XXIV 

COPPER, SILVER, AND GOLD 

That degree of analogy and difference wliich exists between iron, 
cobalt, and nickel repeats itself in the corresponding triad ruthenioxDy 
rhodium, and palladium, and also in the heavy platinum metals, 
osmium, iridium, and platinum. These nine metals form Group VIII. 
of the elements in the periodic system, being the intermediate group 
between the even elements of the large periods and the uneven, among 
■which we know zinc, cadmium, and mercury in Group II. Copper, 
silver, and gold complete * this transition, because their properties 
place them in proximity to nickel, palladium, and platinum on the one 
hand, and to zinc, cadmium, and mercury on the other. Just as Zn, 
Cd, and Ilg ; Fc, Ru, and Os ; Co, Rh, and Ir ; Ni, Pd, and Pt, 
resemble each other in many respects, so also do Cu, Ag, and Au. 
Thus, for example, the 'atomic weight of copper Cu = 63, and in all its 
properties it stands between Ni = r)9 and Zn = 65. But as the tran- 
sition from Group VIII. to Group II., where zinc is situated, cannot be 
otherwise than through Group I., so in copper there are certain pro- 
perties of the elements of Group I. Thus it gives a sulx>xidc, CujO, 
and saltSy CuX, like the elements of Group 1., although at the same 
time it forms an oxide, CuO, and salts CuXo, like nickel and zinc. In 
the state of the oxide, CuO, and the salts, CuXj, copper is analogous to 
zinc, judging from the insolubility of the carbonates, phosphates, and 
similar salts, and by the isomorphism, and other characters.^ In the 
cuprous salts there is undoubtedly a great resemblance to the silver 

> The perfectly unique position held by coppor, silver, and gold in the periodic tyntem 
of the element:^, und the degree of afCnity which is found between them, is all the loora 
remarkable, as nature and practice have long isolated the.^e metals from all others by 
having employed them — for example, for coinage — and determined their relatiT* 
importance and value in conformity with the order (silver between copper and gold) of 
their atomic weights, &'c. 

' Cupric sulphate contains 5 molecules of water, CuSO^.SH'^O, and the isomorphotat 
mixtures xvith ZuS04,7H.}0 contain cither 5 or 7 equivalents, according to whether copper 
or zinc predominates (Vol. II. p. C,). If there be a large proportion of copper, and if th* 
mixture contain OH ^O, the form of the isomorpbous mixture (triclinic) will be isomorfdioaft 
with cupric sulphate, CuSO|,5U30, but if a large amount of zinc (or magoesiom, iroi^ 
nickel, or cobalt) be present the form (rhombio or monoclinir)'will be nearlj the 
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BfJtA — thuH, for example, silver chloride, AgCl, is pliaracteriaed by its 
insolubiiity andcapacitj o( combining with ammonia, and in tluBreapeat 
CQprous chloride doaely resembles it, for it is also insoluble in water, 
and combines with ammoDta and diSBotvea in it, &c. Its composition is 
also RCl, the same as AgCl, NaCI, KCl, &c., and ralvec in many com- 
pounds resembles, and ia even isomorphous with, sodium, so that this 
again jastifiea their being brought together. Silver chloride, cuproui 
ohloride, and sodium chloride cryitallise in the regular system. 
Besides which, the speciGc heats of copf>er and silver require that they 
■hould have the atomic weights ascribed to them. To the oxides Ou,0 
BOd AgjO there are corresponding sulphides AgjS and CujS. They 
both occur in nature in crygtaU of the rhombic system, and, what is 
moat important, copper glance contains an isomorphoua mixture of 
them both, and retains the form of copper glance with various pro- 
portions of copper and silver, and therefore has the composition R,8 
where R = Cu, Ag. 

Notwithstanding the resemblance in the atomic composition of the 
cuprous compounds, OuX, and silver compoaods, AgX, with the com- 
pounds of the atkati metals KX, NaX, there is a considerable degree 
of difference between these two seriea of elements. This difference is 
clearly seen in the fact that the alkali metaJs belong to those elements 
which combine with extreme facility with oxygen, decompose water, 
and form the most alkaline bases ; whilst silver and copper are 
oridised with difficulty, form less energetic oxides, and do not decom- 
pose water, even at a rather high temperature. Moreover, they only 
displace hydrogen from very few acids. The difference between them 
is also Bee;i in the dissimilarity of the properties of many of the 
Miresponding compounds, Thus cuprous oxide, CujO, and silver oxide, 
Ag,d, are insoluble in water : the cuprous and silver carbonates, 
chlorides, and sulphates are also sparingly soluble in water. The 
oxides of silver and copper are also easily reduced to metal. This 
difference in properties ii in intimate relation with thai difference in 
the density of the metals which exists in this case. The alkali metals 
belong lo the tightest, and copper and silver to the heaviest, and there- 
fore the distance between the molecules in these metals is very dis- 
similar — it ia greater for the former than the latter (tables in Chapter 
XV,). From the point of view of the periodic law, this difference 
between copper and silver and such elements of Group I. a« potassium 
and rubidium, is clearly seen from the fact that copper and silver 

SI Uul ol Dae ndpluita, ZdS0(,7H,O. Bnpeiulonted nnlDtiDiii ot euli ot tbsM »IU 
crjitmllin in tint (onn ud •rilh Ibti anuiuBt ot nUr Hhlch ■■> eonUIiuid ia * «7ilil 
ot one or olher ol ths hIU bningbt ia ooDlwl with til* Mlatloo (ChitpMr XIV., NoteSI), 
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•taod io the middle of those large periods (for example, K, Ol^ Se, H, 
■V, Cr, Mo, Fe, Co, Ni, Cu, Zn, Oa, Oe, Aa, Se, Br) which start with 
the tnie metals oE tbo alkalis — that is to say, the aoalo^ a: 
between potassium aJid copper are of the suoe nature aa that b 
'ChrODiiiuiii aod seleniuiii, or Tanodiom and anenic 

Copper is one of the few motals which have long beea known in a 
uetfLllic form. The Gn-eka and Romans imported copper chieSf from 
the island of Cyprus — whence it« Latui name, cupnwn. It was known 
to the ancients before iron, and was used, e.^pecially when ail<^ed with 
Other metals, for arms and domestic utensils. That copper was known 
to tbo ancient^ will be understood from the fact that il occurs, although 
rarely, iii a native eUtle. and is easily extracted from its other natnnkl 
compounds. Among the latter are the oxygen oompounds of copper. 
When iguited with charcoal, they easily give up theii oxygen W 
it, and yield metallic cupper ; hydrogen abo easily takes up tha 
oxygen from copper oxide when heated. Copper occurs in a native 
state, sometimes in association with other ores, in many parts of tha 
UmU and in Sweden, and in considerable masses in America, tspb- 
cially in the neighbourhood of the great Amerieaii lakes ; and also in 
Chili, Japan, and China. The oxygen compounds of copper are also ni 
oomcnbat common occurrence in certain localities ; in this respect 
certain deposits of tlie Urals are especially famous. The geological 
period of the Crala (Permian) is characterised by a considerable di*- 
tribution of copper ores. Copper is met wiUi in the form of euprvM 
taide, or suhoxide of eopptr, Ca,0, and is then known as rtii easier 
ore, because it forms red masses which not Dafri-qnently are crystallised 
in the Tegular Eysleni. It is found much more rarely in the stale of 
euprie oxide, CuO, and is then called Hiwt copper ore. Tb» moeT 
common of the oxygenised compounds of copper are the hone carbonaM 
corresponding with theoxldes. That these componnilBareuQdoubtedljr 
of a(]ueous origin, is apparent, not only from the fact that spedraen* 
are frequently found of a gradual tran^tion from the metallic, ml- 
phuretted, aod oxidised copper into its various csrbon.ites, but also from 
the presence of water in their composition, and from the laminar, 
renifonn structure which many of them present. In this respect mala- 
chite u particularly well known ; it is used as a green paint and also 
(or ornaments, owing to the diversity of the shade* of colour presented 
by the diderent layers of deposited malachite. The composition of 
malachite corresponds with the basic carbonate containingone molecule 
of capric carbonate to one of hydroxide : CaCO„CuHjO,i In this 
'form the copper frequently occurs in admixture with various aedi- 
.mentary rocks, forming large strata, which confirms the noueous origin 
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of these compoancts. There ore many auch localities in the Fenn and 
other GovernmentB bounding the Urals. Blue carbonate of copper, or 
aairite, is also oft«a met with in the same localities ; it contains the 
Mme ingredients as malachite, but in a different proportion, its com- 
position being CuH,Ot,2CnC03. Both these substances iaa,y be ob 
tained artificially hj the action oC the alkali carbonates on solutions 
of cupric salts at various temperatures. These native carbonates are 
often used for the extraction of copper, all the more as thejr very 
readily give metallic copper, evolving water and carbonic anhydride 
when ignited, and leaving the easily -reducible cupric oxide. Copper 
it, however, still more often met with in the form of the sulphides. 
The sulphides of copper generally occur io chemical combination 
with the sulphides of iron.^ These copper-sulphur compounds (copper 
pyrites CuPe9j, variegated copper ore CujFeSj, 4c.) generally occur In 
veins in a rock gangue. 

The extraction of eopptr from U» decide arm does not present any 
difficulty, because the copper, when ignited with charcoal and melted, 
ia reduced from the impurities which accompany it. This mode of 
■melting copper ores is carried on in cupola or cylindrical furnaces, 
fluxes forming a slag being added to the mixture of ore and charcoal. 
^ troH pjritai, Fe3f, varf oltaa ooqCkIh « unhll qnaatiLy of Kjpper auIpliidB (see 
Quptsr XXII., Noti 3 bl>), uid on bunilngUu <ioap^t«foriu]pbiiianiuih;clrido ttaa 
oopp«rQtida rflHAmA id Uia rendD«, from which tha oopp«r ii of laa eilrurted wjth profit. 
Pot this parpo« ih4 wholo of the anJphor lb not bumC ofl tiom the iron pjtjUfl, bub a 
portioa 1> 1«(C behiocl in the org. which is thtn slovl; ignited (niul«d) with Kceu of lir. 
Copric lulphnte ii than loniud, uid is eitnubed b; wntai ; or wh&t is bettor and mars 
Inqaentl} dune, tha luidae from the nxutiDE of the pjiites is raul«d with common 
Mlt, ud the loliiliaD of onpria ohtorids oblwsed bj liiiTiitiog ia pncipilslcd with iron. 
A [si gnullflt unoont of coppor Is oblsined from athar lolpbaratted ores. Among Ibes* 
topper fflaiKSf CjjtS, [b mora isielj mot with. It hkfl a mBt&UiclaBtre,iBgra;,gaiiersJ1j 
aiyitellina, and ia obtuned in sdnuttnro with oigsnis msttac ; to tfant Ibere ii no doubt 
Ikal it« origin i> dua to the rodooing sstioa ot ths Utter on solulions of cupiio lolpbats. 
Tariegaled copper are, which oryitiHissB in oclshedn. not infrequsntl;' forms an 
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a»B of copper are oxidiied in the presenoa of water soctuning oiygan m solation, 
and form cupric sulpbALe, bine TitnoL, which ia asaitj flolubla in w&tar. If (hja wstor 
eaalains calcium cubonnte, gypsnm and eupris eubonate us formed bf doubts 
daeompoailion^ Ca5O, + C>C0s = CuCOi+CaSO,. Benoe copper solphide in tha form 
of different oras mtiBt he sonaidered sa the pnnurj product, snd the numy other copper 
led hf witer. Thii is coDfiiraed hy Che fact that at the 
I from msn^ oopper mines contains cupric tulphato in 
eaar to oitrsct oupric oiide bji the action of organio 
[water. Hence metaUic copper 'Jg sometimes foood in 
nstunl products of the modification ol copper sulphide and is probably d^positod by 
ttw action ot Dtganio nuitbw pmant la (ha water. 
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The mehed eopper Blill codUios sulphur, iron, and other tnetallie 
impurities, from which it is freed by fusion in reverberator]' fumftM*, 
with ftccess df air to the surface of the molten inetal, bs the iron and 
sulphur are more B^etlj oxidised than the copper. The iron then 
■ep«rat«s as oxides, nhich collect in the slag.* 

rd ; (ho sulphur 



It tho • 



if tho t»pper from tfacm i« ntiAh a 
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pniblsiD hciB nol ddI; couiiU in the nmov&l of the ■ 
th« iioD cambined with Did SDlphur ud copper, Thie ia'iittaiiwd bj % vbolc Knw of 
opvrmtionik ^tiu which Ihen lUll BooieliiDH rfitnbiDB tba axCihction ol Iht mutiUlie iQwr 
which gcncnlij afOD&pAuici the CDpp«r, ^ihongh in hut aoull qnuilitj. ^iifla 
pTOOBiUB oomiDCTice with tha nutine-'i j;. ulciimtion — ol Uis.on Kith accsM ol kit, bp 
which DtfAEis the tolphpr n converted into Butpbaroat aDhydhdB. II tboold hara ba' 
YcmErlnd that irofi aulpbjdo ia more eAtily oiidiHd than copper aolphide, and thnetopt 
thfi gnoter put of the aan in the reajdoe from Toa&liii|[ 1b no loogBT in the form of 
Bu]|^dabut oToiideof iroiL TberOA^lad ore iHsuiad vithdurooaJt and lilicaooa SoM^ 
and smelts in a cupola famace. Tbo iron than pneaea into tbu alog, bwaute iti OEid«- 
pFE* an eaaily-tuBiblB maai «i(h ths ailica, whilst Iba copper, io the form nf anipludfs. 
(luea and ooUacti undur the ilae- Thn gmter part ot (be inn ia ramoied from Ibo' 
mua bj tliil amelling. The reaallaot (Wane wttal ia again loaated in order la 
ncunv the grutoT port of tbo aulpbor from Ibb copper Bntpbido, oj^d to coaTfll Iho 
meUl into oiide, after which tbs mua ia again amrilcd. Th«M procenei arc ccpcatod 
aoreral timea, according to the ricbneaa of the ore. During thaaa ameltinga a portion of 
tbo copper ia already obtainad in a motaUio form, becauaa eo|iper inlphida giiTM 
lulallio ooplMr with ths oiide ICuS + lCnO ^ SCu + SO,). We will not hxro di^icribo 
the fumiLDOa OMd or tba dotikilB of thie proceia, but tbo atioro remark* iudode the 01- 
planabion ot thoae chemical proceaeea which are accomplished in (he rariona teeh- 
Dical opemlioiu which ara made nae ol in the pmccat (fur dMaili m trocb oa 
melallurgyl, 

Biaides Ibe nnelting of coppci then alw niit matbodi for it« eilraction tttm 
nlntiongifl Uiewolwaj, aa it ia called. Rcconrse ii geoatnU]' had bithcie methiMl* lor 
pDOt copper Orel. The copper i> brought into tobition, from which it ia aeparated bf 
meana ol metdlic iron or bf other methoda (bf the Ktian of an electric camnt). "O* 
aulphidua are roaaled in ancb a manner (hat the greater part ol Iho copper ia oxidiaeS 
into captic Hnlphalc, wbitit at the aamfi lime thv correfponding iron aalta are aa lar aa 
poaiiUe decompated, This prouaa ia baaed on the fact that Ibecopperralphiduabaorb 
oijrgen when they aro calcined in the presence Pf air, forming copric snlphato. "na 
reaated ore ii treated with water, (o which acid ii sometime* added, and altar liiiTia- 
tion tbo lesnltut iolotion containing copper ia treated *ilher with metallic iron K wilb 
milk of lima, which precipitaloe cnprie brdroiide iiom Ibe tolotion. Copper olid* 
oroa poor in melal ma^ be treated wi(b dilute acids in order to obtain the oopper 
oatdea in solntion, from wbicb the cofiper ia (lien easily {nwcipi(ated either by iron or 
aa bydnnidti by lime. According so Hunt and Dcuglas'a method, the copper in tbs d(« 
ta oonTorted hj calcioation into the capric oiide. which ia bronghl into Bolntion bf 
the action ot a mixture ol aalations of fermna anlpbatn and aodium chloride) 
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'Copper ie eburocterised b^ iU red colour, whiali distingnishea it 
frdm all other tnelala. Pure copper is soft, and muy be beatea out by 
s hammer at the ordlaary temperature, and vhca hot may be rollud 
into very tbin sheets. Extremely thin leaves of copper traosmit a 
green lights The tenacity of copper is also considerable, and neJtt to 
iron it is one of the most durable metals ia this respect. Copper wire 
of I sq. millimetre in section only breaks nndera weight of 15 kilograms. 
^«specific gravity of copper isS-S, unlessit contains cavitiesdue to Uie 
tact Umt moltea copper absorbe oxygen from the air, which is disen- 
gaged OD coolLDg,-and thoi'efore gives a porous mass whose density is 
much less. BoUed copper, and also that which ia deposited by the electric 
curreot, has a comparatively high density. Copper melts at a bright 
icd beat, about 1050°, although below the temperature at which many 
kinds of cast iron melt At a high temperature it is converted into 
vapour, which communicates a green colour to the flame. Both native 
copper and that cooled from a molten state crystallise in ri^lar 
oclabedra. Copper ia not oxidised in dry air at the ordinary tempera- 
ture, but vhen calcined it becomes coated with a layer of oxide, and it 
does not bum even at the liigbest temperature. Copper, when calcined 
in air, forma either the red cuprous oxide or the black cupric oxide, 

nhile ths ig. An ud oiidea oT iron nmua behiui] In (ha rendao (from vtakh tha ndble 
maUli OUT iM "t""^^) : (a)ain[li'm<iI[hHnipperlnKiIal>ouiit»uii«tiid mtftCuCI, 
(udCuSO, prscipiUleditiTmaaiugt tbnCuCI, obuined in Uu) Gllh pTDcna; (t) iha 
BiJI[BieofKlaCiaii>oICuSO,uidCuCl,isconTai(d into the inKhiblii CuCUult of Ui* 
Hbmidt) br the utioo at tha SO, obUined bj rOKitJEg (ha or* (in Chg lint aiKnlion), 
nlphnric nDtd ia theo famed in Iha aolntioa, ftOranjiDg to tba«qaftlicD: CuSOt*-CiiC1« 
:-4-80,-tXH^^lH,S04tlCaCl: (D) Uu practpiutcd CuCI ii Innlad wilh hina and 
*ata, and giTei CuCI, in solntiao and CaO in the r? aidue ; and taitlr (a) tha CtiiO ti 
Tadocad ta matAlIic Cubj cjjbonia afumace. Ac«jFdinE to Crooka'a mrlhod tha impair 
OCf>peT reea1o« obtained by roaitin^ and tsiclting tha ore in bmlnn up and immdiad 
jgpaaMdlT in mnllen lead, wLieh aitnata Uie Ag and An Dceutring in Iha ragulog. Tha 
ngulBi ii then haaled In a reieibcntoiy (uniacs to mo oB tha land, and i* than unaltcd 
lor Co. 

!nia copper brDOght into Ihe market often contain! tmallquaiilillei of varioiia impari- 
tttL Among Uiaae than ara generally ptaaant inn, lead, ti' 
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aocordtng to the Umpemture and qnaittit; of air supplied. 
at the ordinary temperature, copper — as everyone knows — becomi 
coated with a browa layer of oxides or a green coating of basic salt^ 
due to the actioa of the damp air containing carbonic acid. If thU 
action continue for a prolonged time, the copper is covered with a thick 
coating of basic carbonate, or the so-called verdigris (the arugo nobUit 
of ancient statues). This is due to the fact that copper, althon^ 
scarcely capable of oxidising by itself/ in the preunce of toater 
aeiiU — even very feeble acids, like carbonic acid— oWrit oxygen fr 
the air and/min* iidla, which is a very charact«ristio property of it (i 
of lead).^ Copper doei not decompoae water, and therefore doei not i&Mn- 
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ordinary copper bj c^Fing not oitn 

4eid. and ia bamg verj eaai]/ oiidisa' 

ii poEsibta that Uiia ia capper h]>dni1i 

(ISn] obaened tbmt copper rsdimid (rma the oiido bj fardmgdn 

lefltpenlnrB wu polTernleDt, vhito that reduced From CnCI] at a acmeviut bigtt tan- 

paraitiue appeared io bdgbt criit&b. The atma diflFraoa) ocfiui vitb mwir ellMr 

meU1«, and ia probablj partly doe to (be toUtUit; of the metalUo cbloridst. 

' ~ ~ antoge of in practke ; for iDitaace, bj pouring dilute rbdda vtn 

ulM. BUih a* Terdigiii, 

copper abavilsi 



tableai 






01 the buio Kstal« SC(H^i]0,,CuHiOg,(H.,0, which ia ao much nac 

iriUi bailed oil). The enpacltj ol copper lor ebaorbiug oiygeu in th 

1> to p«at that it ia poaaible t^ tbia meana (bf lakiog, tor (luaple, 1 

DMialeued with )alpharic Mid) to Mw up til Iba oiygeu buiu a pren Tolnme 01 tir. laa 

Uiia ia evso employed for the aDaljaiB ot air. 

The oombiuatioB ol copper with Drygen ia not onlT aided b; acida bul >lao by ilkalii, 
although cuprio oxide doea uot app*4r to h*YB ui aoid ebaraoler. AlkUla da not Ml dB 
eoppei except in the preienoe ot air, whan they produce euprio oxide, which doea not 
appear lo oombine nith tuch aliuha aa caoatie poluh or tad*. Bat the octioii 4^ 
ammonia ia particularly diatiuct (Chupler V,. Note S). In the ution of ■ aolatiOD o( 
umnouia not only ia oxygen abaorbed by the copper, but it alu acte on tbo annbODiat 
and a definite quutity of ajcmonia i> alwaji uted 00 limultanacnaly with the paans* 

tolbereu:tloa^ NH,* 0,^NHOi + H,0, and tbenitroui acid thua loruudpaaaea into tha 
atato of LQunoniaui oitritA^ NH^NO]. In ibia oujiner three equiralaota of oxygen an 
eipeoded on the oiidatiou ol th« unnumia, uid aix eqoivaleati of oiyg*n paaa o>«c to 
the coppor, lomtiiig six atoma of onpric oxide. The latter don not temaiii Id the atalo 
Of oiide, bnt combinea with the ammonia. 

A alrong aolDlioa of common aalt doea not act on csppar, bnt a dilate aotnlion ol tta 
•all oorrodo copper, conierting it Into oiycUoride— thai ia, in Uh prcKSce of alt. 
Thia aolion ol aall water ■> eridml in thoaa caiea whare the bottonu ot ahipa are ooaM 
,*{th ahtet oopper. Prooi nrhil haa been aaid abon H will ba eridant that ooppei «ewill 
■bonUnot ba employed in the prepaiatieu ol food, twantt lUa oontaint aalU and oiMa 
which aot OK coppOT fa the pioteoos ol air, and gin eoppn aalta, which are piriaonogi, 
•ad Uwntnia the food pnparod in untioned eoppat tmmIi may ba paieoBoaa, HadBO 
HniMd «*H*Ii aia employed lot khia pupoH — thai ia, oopp«r teaaaU oaalad witk 
kyer ol Un, OD which acid and aalina aolulioui do Bot act 
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gage bjdfogea from it either at the ordinal? or at high temperatures. 
Nor does copper liberafe hydrogen from the oxjgen acids , these act oa 
I it in t*o wajs : thej either give up a portion of their oxygen, form- 

Log lower grades of oxidation, or else only react ia the presence of 
air. Thne, when nitric acid acts on copper it evolveB nitric oxide, the 
copper being oxidised at the expense of the nitric acid. lu the same 
iraj copper converts solphuric acid into the lover grade of oxidsticm — 
int<i BidphuroQB anhydride, SO,. In these cases the copper is oxidised 
to copper oxide, which combines with the excess of acid taken, and 
therefore forms a cupric salt, CuX,. Dilute nitric acid does not act 
on copper at the ordinary temperature, but when heated it reacts 
with great ease ; dilute sulphuric acid does not act on copper except 
in precence of air. 

Both the oxides of copper, Cii,0 and CuO, are unacted on by 
air, and, aa;Edready mentioned, they both occur Ln nature, ">'■ How- 
ever, in the laajority of casett copper is obtained in the form of 
'copric oxide and its salte— and the copper compounds used indus- 
trially generally belong to thb type. This is due to the tact that the 
fu/irotu eompoundt abiorb oxj/gen from the air and pass into nuprio 
compCTunds. Ilie cupric compounds may serve as the source for the 
preparation of cuprous oxide, because many reducing agents are 
. capable of deoxidising the oxide into the suboxide. Organic sub- 

stances are most generally employed for this purpose, and especially 
I BBCcharioe substances, wliicti are able, in the presence of alkalis, to 

undergii oxidation at the expense of the oxygen of the copric oxide, 
" and to give acids which combine with the alkali : 2CuO — O = Cu,0. 

In this case the deoxidation of the cupper may be carried further and 
metallic copper obtained, if only the reaction be aided by heat- Thus, 
for example, a fine powder of metallic copper may be obtained by heat- 
ing an ammoniocal solution of cupric oxide witli eaustic potasU 
and grape sugar. But if the reducing action of the saccharine 
■ulMtiiiice proceed in the presence of a suEScient quantity of alkali in 
I *>'• Ctqipei, bciidei thu cugmai oiidt. Ca^, iwd cii|]ricDiide,CaO, giiratwd known 

! Ibgh« tormt of oiidttion, but they hkvs Bcarc«1y bean invflqligKlcd, usd a*«n bhsir 

I eooponlJon i> not mil koowu. Copptr dioxide (CdO,, or CaO^H^, pgrlupi CdOU,0,) 

I ii obtiinnl by Iha netioii al faydiogBD peroiidi on cnpriii hjfdniiide, whaa Ibe gr»D 

I celooi af tbe littct i> chiuigcd to tbUow. It ii leir oiwUhla, ud ii dmraiiipoHd (T*a 

f by boiling Wfttef^ with th« 4voLqtioa of oiygBU, whilM lfa« Hllon of kcidA glT«< cnprio 

, «»Ht,<nijjen being »l«odiMng»g*il A »iai bighw cojijw peroiirf* u lotmod bjhHting 

' a nuitnn ot uduKi potuh. nitn. uid mMiUlic coppu b> > r«d hMt, uil by diuotring 

I mpnc hjdnnidc in Klalioiu ol tb> hjrpocUatilei ol tba aU»li mrttla. A ilighl b<*tin| 

Hlnbls «lt tbnnni ia anoDgh lor it la be dnanpowd into aijinii uid ooppu 
^ vUoh ia {incipilitHl. Jadging [ram Frtmj'i reeeaRbu, (be compixilioa d lb* 
'-petuaio oomponnd abosld be K^uO,. Perbafa Uua ta ■ coiDpooad o[ tba 
da* ol potunnm, KiOn md «l ooppw, CbO*. 
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■olutioD, and at not too high ». temperature, cuprous ou'ds » ob- 
tamed. To Bee this reaction clearlj, it ia not aufficient to take an/ 
copric gait, beoansa the alkali necessary tor the reaction might pt*- 
aipitat« cuprio aiide^it is necessaT; to add previously some sabstAuoa 
which will preveat this precipitation. Among such aabstaiiM^ 
tartaric acid, CfS^fit, is one of the beat. In the presence of n suffi- 
cient quantity of tartaric acid, any amount of alkali may be added to » 
solution of cupric salt without producinga precipitate, becauEeasolubltt 
double salt of cupric oxide and alkali is then formed. If glucose (for 
instance, honey or molasses) be added to such an alkaline tortario 
solution, and the temperature be slightly raised, it'first gives a yellow 
precipitate (this is cuprous hydroxide, CuHO), and then, on boiling, 
a red precipitate of (anhydrous) cuprous oxide. If such * mixtara 
be left for a long time at the ordinary temperature, it deposits wetl- 
formed crystals of anhydrous cuprotui oxide belonging to the regular 

' Colaotleu •alDtioni of cnpiou* nlU maj tiao he obuisitd b^ the taLoo ol ml- 
pbDTODB orphovphciTonHkcid hndiimilAi lowsr^ndH olwdj^DAOn the bio* lolatioDi of 
Ibfl CDpiic nils. Thi< iv Tflry clearly kod c*iilj filT«cl«d bj iD«fLiif oJ todilun Ihi^ 
idised in the pcooeu. Cuproiu otida cui nol oolj ta 
uprio oiida, but •lao ditsctl; (nm meUUio copptr ilnl^ 
ia oudiiLDg il A red he^t ta oil, fint gWm caprons oxida. It It jm- 
DBf am » likfg« KHla bj huting ihAAt eoppsi Tolliid loto iipinJa In 
fae. Cuemiul ba taken tbattha nil ii not m gnat eioaM.uid thai 
apnjQB oiido FoTDifid dooi not bsgin topaHintoLbobUckoapnooiid*. 
jxidised spirfU »heet in that nnbfDt. the brittle cuprou oxide ULt vn.J fiOEtt 
SFtaL The tuboiida obtained in (hit BUiiDer tuin irith sue. II ii nacmyy 

miied with cbuixiaJ, which redocH iha Isttiii. Cnprom ^oride, CaCTl, scns- 
ipoading with coproDi oidda (u Badinm chloride narrmpoait with sodiom oiide), vlwa 
caJcincd with lodiiua earbonate. givee ■odium ehloride bid cnprona oude, carbooia 
■shjrdhda being eTOlTod, bcuua il dou not oxobinB with the enproni siidB under tliCM 
conditiaDi. The reution cm be sipieued bj the [oUowing eqattiun : ICnCl -f NigCO^ 
-Ca,04lNiia + CO]. The ca(«c oiide itself, whoa ulcined itith fiaelj-diTided copper 
thii copper povder may be vbtuned bj nunj methodi — for iDstanoe, hj immenLng tin^ 
En n tolation ol a copper eaJtt or by igniting oaprio oxide in hydrogen), gJTev the fntilda 
cnproni oiide. Ca4-CoO = CD,0. Both the utile uid utiaci^ caprou oiide hnm 
■p. gr. of B-B. It il iniDlnble in mUet, ud it not uMd on by (drr) air. When hMlUd 
vithulditbe sobaiid* tomiiiKclatiDD of » oaprio ult ud meldlic copper — tsraunpla, 
CojO ■> H,SO, - Cd 4- CdBO, + H,0. However, itning hjidrochlorio Kid dam nol Hpuito 
metallic ooppDi on diteolriiig capron* eiide, which U dim to the (net that the capiev 
oUorida lomad ii lolable ia itrong Jiydroelilolio add, Coproni oiide alu diiealTet la 
n KlDtion of ammoni*. and in Uie ahHoce of air givee a colouleai ■atsdon. which (nna 
bine in the air. abwrbing oijgan, owing to the connnion of the cnpront cwiao inla 
in thus farmed may bi again [eoontarted into ■ coloule* 
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Cuprio chloride, CuCl(, whea igniwd, gives ciiprovs chloride, CuCt 
— i.e, the salt corresponding with suboxide o( copper — and therefore 
enprous chloride is always formed when cOpper enters into nuctioo 
yrith cUorine nt a high temperature. Thus, for eKaraplo, whea copper 
is calcined vith Diercuric chloride, it forms cuprous chloride and vapoura 
of iDercur]r. The same substanoe ia obtained on heating metolUo 
copper in hydrochloric aoid, hydrogen being disengaged ; but this reao- 
tioii only proceeds with iinely -divided copper, as hydrochloric acid acta 
very feebly on comptict masses of copper, and, in the presence of air, 
gives cupric chloride. Tho greaa solution of onprio chloride is decolo- 
rised by DietaUic copper, cuprous chloride being formed ; but this 
reaction is only accomplished with ease when the solution is very con- 
centrated and in the presence of an excess of hydroohlorio acid to 
dissolve the enprous chloride. The additiou of water to the sola- 
tion precipittites the cuprous chloride, because it is Uss soluble ia 
dilat« than in strong hydrochloric acid. Many reducing agents wliich 
are able to take up halt tho oxygen from cupric oxide are able, in the 
prGBance of hydrochloric acid, to form cuprous chloride. Stannous 
salts, anlphurous anhydride, alkali sulphites, phosphorous- and hypo- 
phosphorous acids, and many similar reducing agents, act in this 
manner. The asoal method of pi'epaiing cuprous chloride consists ia 
passing salphurous anhydride into a very strong solution of caprio 
chloride : 2CuCl, + SO, + 2HjO = 2CuCl -^ 2HC1 + HjSO,. Cnprons 
chloride forms colourle&s cubic crystals which are insoluble in water. 
It is easily fusible, and even Tolatile. Under ttie action of oxidising 
agents, it passes into the cupric salt, and it absorbs oxygen from moist 
air, forming cupric oxychloridn, CujCliO. jlqueoitt at/tnu/nia easily 
dittolea, cuprous chloride as well as cuprous oxide ; the solution also 
turns blue on exposure to tho air. Thus an ammoniacal solution of 
cuprous chloride serves as an excellent absorbent for oxygen ; but this 
solution absorbs not only oxygen, but nlao oertoin other gases — for 
examplp, carbonic oxide and acetylene.* 

Is tbE tonnKliDTi of oupric oxidn, whiOi colour! g1u> btuo. Ttui mayivcn ba ttkm 
■divitaee al in tutiDg tai ooppDt ondct thn blnw-pipe bj huticg the coppor compooad 
■Hb bonx in the ii*ttte of « bLo«-pip« ; » nd gUai ia obULiLed to tlie reducing Asm*, 
aod « b]u» glm in the oi)4iiiiig flamg, owing to tha ogotwaioa ol tlu cnpmu mtodiipria 

fvUid (IMS). brpauiDginlpharauauibTdride into i, lolDtirni of enprie uwtiita, ob* 
tuilud A uhiU precipiUla d( rapniiB lulphitc, Cit]SO,,BiO. whilit be obtaiDed tbo urn* 
Mlt.Dl > red >^Qtoar, (com thodogble «ill at aodiuio rmd copper; bat thn* ue not aajp 
Moviaciug proofm of isoDcritin in lliii ate. 

B The Botubililj of caproui chlorido in amtiuHUft jidoe Lo Ibfl fonutian of ootnponiida 
batoeao Uw -■"——■- and the cblohdo. Id ■ wuni Bolgtion Ibe caaipannd NU].ICiiCIX 
UliRiHa, ud ■! tha ordiiurrlsiiipiintan CnClJjHj. Ibii (alt is ulubla in hjdio. 
chlwii gj^id, tad Ltkon toinu a coireiponding donblB uU of oBpcDw sblonda and ttamot 




II hydtochlorie u 



t cartun other ult* — lor alAnpla, 
(ulpliUe, tod certain oUiacm. All 
Lo« M Vfify t'^varfiU dvoxidu^of 
[ theae •olationl, to praoipilaM 
ig lo Ui« eqiutian AuClj+SCud 
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When copper is oxidised with a conridprable quantity of oxygen st 
a high temperature, or at the ordiniiry temperatuie ia the presence of 
acids, and slsowhen it decomposes acids, converting tLem into lower 
grades of oxidation (for esLnmple, when submitted to the action of 
nitric and sulphuric actds), it forms cupric ixdJ^, CuO, or, in the 
presence of auiils, cupric salts. Copper rust, or tho( black mass which 
forius on the surface of copper when it is calcined, consists of cuprio 
Oiiide. The coating of the oxidised copper is very easily separated 
from the metallic copper, because it is brittJe and very easily peels olT, 
when it is struck or immersed in water. Many copper sails (for 

niiun chlohde. B; the Uljoh at % F«rt«iD ncE« 
■olDtioo of sDpioDa cbtorids, yerj well tansi 
CnCl,HU„B,0, sn obuioed. Caproaii chlorida 
hjdnHhloric uid, but it iJso dittalveB id mlDliin 
Id MdiDm chlorida, potaatiam chloride, aodium t 
tho aolutiona ai coproiu chloridfl zei in nuAjr 
■nbfltaAceai tor eiunple, 11 ia eaaj, by msuil 
gold Irom ila talulioM in a nctiJtic form, aoco 
=Au + 8CuCl,. 

Amoas the otbar aompoDiidB correapandiDE wilh CDprona oiids, eupnut lodi^. Col,, 
ia vorlhy of mnuk- It ia 1L colouilesa anbaiaace vhidh ia tnaoluble in water mod 
apariogl]' aolubls in Brnmonlai (like lilvirr iodide), but apahle o[ ■.bwirbiDg it, and in 
rcapeel it reaamWeB eopnraa ohlotide. It 
inglj euil/ formed fcoin the ooni 

Iodide Bueily decompoaei into iddina uil cuproaa iodide, even it tbe ordinal; lempei*- 
tarn, whilst cuptio chloride ooljr anJTBra a aimilar change on ignitinn. If a aolntion of a' 
CDpria aalt be miied with a aolDtion of palaaaium iodide Iho cuprio iodide formed imoM- 
BittalT decoDiposea into fne iodine uid caprona iodide, which •spmtn out u a precipi- 
tate. In Uiit caw the caprio aall a^ta in an olidiiing manner, like, lor eumpls. nitroiH 
acid, otene, and other aobilancea which libenla iodine from iudidaa, bul with Ihia diSei- 
ence, thab it only Tiberatea half, whilat thejaet free the whole of Che iodine frompota^ 
aioBi Iodide: aKl + CuCl,-iKCl + CuI + L 

It muit alao be remarked thai oup'oo otidt, when treated with hjdnBaDrie aoid, 
gtvea M inBolnble cnproni Buoride, CuF. CDproni cyanide ii >Iao inaolnUe in wt*n, 
and ii obtained by the addition of hydrocyanlo acid to • aolptioa of onptio oblorMa 
aataratsd with aulphuroua aobydrids, Thi* ODpioiia cyanide, Uka ailTar <7>Dide, gin( 
a doable eoluhle ult with potaiiaium cyanide. The danbta cyanide ol oopfiar and 
potaaeiam ia tolerably attbla in the air. and entera into doable decompoaiUona with 
Tarioni other aalta, like tboH double oyuiids* of iron with which we are atready 
acquuDted, 

Copper hi/dridt, CaH, alio belonga (o the number of the cuproui compoimds. It 
wa* nbl^ned by ^VUrta by mixing a hot <70°> toliilian of oopric talphale with a wlolica 
of hypophoephDroni aaid, BiPOr The addition of the redoctng hypophoaphoraai acid 
'Dmit bo atoppad when a brown precipitate makea ita appearance, and when gaa begins 
to ba erolved- The brown precipitate la the hydrated oapnu hydridB. When gently 
kealed il diaeagagei hydrogen ; it girea cdprona oiide when ai|ioaed to the air, bona 
In ■ atmm of chlorine, aiid libcmtn hydrogen wilh hydrachlocic acid: CuH-tHa 
-CuCI + Hg. Zinc, sUvST, nercury, lead, and muy othet faeaTy metala do not lorn 
•noh acoraponnd wilh hydrogen, nei thai under thtec clrcumaUncei nor under the action 
ef hydrogen at the moment of the deoompoai 

peateat reaembance ■'• leen between caprona hydride and the hydrogen oomponnda pi 
polaailBm, aodium, Pd. Ca. and B*. 
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instaocfr, th« nitrite aud carbonate) leave oxiJe Of copper ' '''* in the 
form of friable black powder, after being ignited. It the ignition be 
cariled further, CitjO nnxy be formed from the CuO." "" Anhydrous 
cnpric oxide ia Terj easily dissolved in acids, forming capric salts, CuX,. 
They are analogous to the aalta MgXj, ZnX„ NiX^, PeXj, in many 
respects. On adding potassium or ammonium hydroxide fo a solution 
ot a cupric salt, it forms a gelatinoun blue precipitate of the hydrated 
oxide of copper, CuHjO], insoluble in water. The resultant precipitate 
« rtdiuolved hy an excess of ammonia, and gives a very beautiful 
azure blue solution, of BO intense a colour that tbo presence oC small 
traces of cupric ealta may be discovered by this meana.^ An excess of 

*^^ Thd axiAo of uippAi obt^ued hy jgniting the tijtrale h Itet^aontiy mad for 
Crguuo AbHTysfiB. It Ih hjgroflcopid And retiuiiB bitngtm (I'K c^ par grun) irbau (liA 
Dilrila ia huMd in tmoo (Itichuai ud Bogan, 1898). 

• M Otida of sopptr U dio c&paJ>le ol ditwdntiog mhsD healed. Debny and 
Joaimii flkowod l^at it than diuogo^av oxjgoD, wKdh mairuiiQia toation U cDqaluit 
lot ■ giTSD temBeratDie, proTidiDg that luuon does not lake plnce (the CuO than 

■oboiida. and that on CDoIicg. th« oiy g«n ii again abiorbed, lonniiig CuO. 

■ Capric Diida and raanf of i(i ulta an abls to giie dcanite, olUiough nniiiabla, 
e»ni;ouniIi m!h amnonta. Tbia lacally alna4j tbowa ilaelt in tfae fact that cnprio 
coade, aa wall aa th^ aaJta of ooppcr, diaaolTM In aquaona anunnnia, «nd aljto in tba faol 
tbat lalti at coppci' absorb ammonia gu. If anunonia ba added to a Klation of an; 
eoiiria aalt, it flrit forini a pracipltats of Coptic hTilroiiilo, which th«a ditaolvn in aa 
«»u of aoUDoiua. Th* solution thus fonnHt, vhen i-Taporated or on the addition of 
•Icohol, fraqnenUj dapoaita crjitall of aaJta containing both Iha alanunta of tha nit of 
«oppar takan and of ammonia. Seisral inob GoiD[iound> are gsnnn% lonned. Thua 
«npriD dhtorids, CaCI], according to Debenin, torma (our compooDdi with anunooia— 
namalT, with om. two, toor, and tin malecoles ot ammonia. Thoa, for etiuiipl«, 
if ammo^ gaa be paiaed into a boiliug aatoratad noJution of cuprlE chloride, on 
ttmling, amall ottabodra] frrjataTa of a blua cdIddt Boparato out, containing 
CnCI„3NH^.A At no' tbi> aubataaoe lo»> halt the ammonia and all tlia water 
OODtiuiicd in it, leaving the oompoond CnCL,.NHj. Nitfate ot copper fomia Iha coni- 
poond Cn(NO]),.lNHt. Ttkia oompoind reaaina unchanged oo eraporation. Dry 
cuprJo Bulphate abiorba ammonia gaa. and giTeta compound containing Sva molacnlaa of 
unmoDia to one of lulpbata (Vol. I., p. 397, and Chapter XXII., Note Si). If thia eom- 
ponnd ia diuolved in aqafone anunonia, on evaporation it deponta a crjitalline aabataoM 
Mniaiiuag CDSOutNHj,H,0. At ISO' thia subatiuica 1oaa> Iba molecnle of water and 
ooa-toorth ol ita anunonii. On ignition li] IheH compoooda part with the remaining 
anunonia in the form ot an ammoaiaco] Aalt. ta that the naidua conaiata of oupria oxldo. 
Both the hyflrated 4Lbd jwhydroua cnprio oxide are Bolubla in oqnaona ammnnia. 

The BolntioQ obtuned bj the action of aqoeouB ammonia and air on coppar toTDiBga 
<Nole 6) it remarkable (or iti (acuity of diuolmvg cellulou, which it ia»1uble ia water, 
ditale aeida, and alkalia Paper aoaked in aucb a aolnlion acquirea the property o( not 
(Ottnig, of being difHcnltlj combnattble, and .waterproof, tm. It bai tberctoro been 
^iplied, eepecialiy in England, to many practical pnrpoaee—for example, to the ecn- 
ctmelion ot temporary bnildingi, for eoveriig rooti, &a The compoeilion of lb* 
nbataoce held in aotation ia Cg(H0)],4NHi. 

T( diy ammonia gaa be paiscd over oaprie oude beated to S<G°, a portion d( the oiide 
ot copper temaint unaltered, whilst the other portion givea copjKr ni'f n>I<, the oiygen of 
the oopper oiida combining with the bydrogeo and forming water. The oxide of eoiiper 
whioS rwuaina nnchanged ia eaeily renuxrad b; vaabing the rainllani producl with 
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poUSBium or sodium hydroxide does not dUsolva ouprie bTrfronilK 
A hot solution gives a bkck pi<ecipitat« of the anliftlroua oxida 
instend of the blue precipitate, and the precipitAte o( the hydroxide 
of copper becomsi granular, and tuma black when Ihe Golutioa 
is heated. This ts due to the fact that the blue hydroxide ii 
exceedingly unstable, and when slightly heated it losas the element* 
of water and gives the blaak anhydrous cuprio oxide : CuBiO) 
= CuO + H,0. 

Cupric oxide fuses at a strqug heat, and on cooling forms a heavy 
crystalline mass, which ia blacb, opaque, and somewhat tenacious. It 
ie a feebly energetic base, so that not only do the oxides of the metala 
of the alkalLt and alkaline eurths displooe it from its compounda, but 
even such oxides as those of lead and silver precipitate it from solutions, 
which is partially due to these oxides beingsoluble, although hut iligbUy 
BO, in water. Howover, cupric oxide, and especially tl^ hydroxide^ 
easily combines with even the least energetic acids, and does not gi»e 
ftny compounds with bases ; but, on the other band, ic rasili/ fomiM 
hatic talu, ^ '''' and in Uiis respect* ouUlrips magnesium and recall* tbtt 



.pod- 




doable ult ie lonoed uid below 83° Uia men complei nltj. With n «>(«•• et tt 
eoppei Hll, KCI gint uother doable ull, Ca,KCI„4U,0, Ibn.truiition 
which ifl SE°, Ths inituicei at w|DiUbn4 vBch u« encountered ii 
nUtioBi (m Chapter Xtt^, Nole M, .ulnkhanila, and Cbaplw XSII., Not* 9S) ■! 
embrued bj Uu laa of pha^ei sivm bj Oihba (Trunwetioni of Uia CasOMliet 
AuduoT or Bcieoau, lir7»-l«7S, in 1. Witkrd Oibbe' meanii • On tba wiailibriuiB n 
kaMnganaon aabiduim: ' and in' ■ eleuer aod man acoeuitle Com in H. W. 
Sakbui* BooiabeDm-B papan, Ree. knr. ebin.. Vol, TI., and in W. HeTtrfaofler^ OM»lr 
i>w Pkatmrrgtl UHd ihrt Anvmiiimirn, ISfHt. ta which aaDnea wa nlerlluiaa daalriag 
Inllu inroEDUtiau RHpccling ttilt Uw). Oibbi nl[a'6pd>M' •Db>Mac« (timpla otboh- 
ponnd) capable eT ' 



b varied oompoeilion ; a^ikote — a mecbonicalljaepafabltportkia at aBah 
WMUaaorM Mair bsnugeoeoaa complaiaa (for iniUuu, ■ Tapoor, liquid oipncipilW ~ 
.•olidj, ptrftti tquMbrivm - audi a lUM ot bvdiaa and ol thair cosplaui H 
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oxides of lead or mercury. Hence tlio hydroxide ot copper dissolves in 

solutioDBof neutral cup ric silta. The cupric tails are generally blue or 
green, because cuprio hydroside iteelf is coloured. But some of the 
salts in the anhydrous state are colourless." 

tfunitteniid liy b coinl«nt pMiauro nl a comlanl lemperaiura ot 

Ihs ikiaaunl ol one of llie componeDt puir (toe intUnue, ot ■ ull is > Htant«d 

whila an impafecl Bjuilibrium li lach n Dne foe which sDch > chiuiEB corwip 

• chtoga ot preuDiB |toi initaiicB, u> DMilortled •ulation). Tho Uir of phut 

in Ih* (Kt IhM- fi boiia onl]/ give a jier/ril niuil'liri um uihn n*\fhaiiipi 

in that rjui'IiftHum— loreianiple,in IheequUibrmm ol • mil in iln >i[ot»le. 

ia irmbjr than us tva bodicl (tha ult and naler) and thrss phaaes, nauuly, the i 

aalntioo, and laponr, which can be mecbaniFaltjr aeparalsil trooi each athtr, and to 

aqoilibnam there can-elpandi a definite tention. 

otcurinn-ripKatei. bul only at one dijinile teiitj 

ttt OM at tbeaa may biin; about ■jic>thrr atatd (p 

mutable), Thm water nhoo liqoid at the ordinary lemperalnra ollert 

(liqniil and Tapoui) and i> in peif«l eqaitibriuii (ai alu it ica below D°),^hu 

and tapDoc llhraa phue> and only one bod/) ean only be in cquilibriitm at 

only liquid WBler and vapour; whilst with ■ rito ol prsBBOni not only will 
paia into the Hqnid (Ihele aEaln only remain two phaaasj but bIh the ten 
It* locmalion ol ice will tall (by about T° per 1000 aCmoipberei). The taoia lawa ol 
phalea are applicable to the canfideration ot the formation of aimple or double ealta 
Inuii aalarated cololioni and to a number ot other purely eliemical relationi. Thui. for 
example, in lb* ibore-nioRtianed inataoce, whEn Uw bodiei are KCt, CnClt, and H,0, 
peitecl equilibriom (which hetahurtlorencela the lolnbility) eoniiiling ol loarpbuea, 
CDtnipondi to tha following (even caaea, iwnaidsring only the pbam (above 0°) 
A-CaCIipaKa.aKiO; B '<CnCI^CIi C - CuCMH,0,KCl, lolntian and yapoiir: 
(1)' A + B + aolaUon + vaponri (SJ A t C + adution + vipoori (a) A t KCl 1- Klntion 
■fvapooT) (1) A + BVc + vapoor (it foUova that B + KCI + aoUtion givei A); (D) 
A+C*KCl+T»peot; («! BtCiaolotiDn + vapoot; and (7) BtKCUaolntiontvaponr. 
That above 03' A gives B * EC). The law cl phaaca by bringing eolnplei ioilaoofs of 
dwiDieal rMCtion under tioiple phyiical Khemei, fncililslo their itudy in detail and 
ffivoa th« meaDif of aeeWing the slmpUBt chemical relationi dealing with flolutioaa, dia- 
aodatioo. doable decompoBitiona and aimilar casea, and therefore deuTTtacouaideratton, 
bnl a detailed eipoeitioD ot Uiii (objccl must be looked lor in worka on phyajcd 

>* The Doniui1ciiJiricnirrato,CaKj04,SII,0, iiohtaineda) *~ ...... 

eeIatu(iolub[o in water and la alcohol) by diauliing copper or cuprie 
It [■ 10 eaaily dcoampoacd by the action ot heat that it it impouible to 
olsiTitaJIiialiaa from it before it bcgiiii todecompoie. Uniing Uie ignition ot the uenoat 

normal laJt, »a givei a ba>ic aalt, CuH,0„3CuHi(V '^•> •^'°' 
if * certain quantity of alksJi oriMipri<.' hydnxide ur carbonate be added lo Ih* aolnUoo 
at the nonoal lalt, which <i even doeompoBsd wlien boiled with mslallie copper, and tonna. 
tbe basic salt aa a green powder, which eaiily deoompoaea under the aelion of heat and 
loavM a reaidne of cupric oxide. The baaic «all, bating the compoution CaNiO„3CuB]Oi, 
i* neatly intolublo in water. 

The normal carbonate of coppH, CuCOj. ocean in nature, allhough eatreoielT rarely. 
II tolnlionl of CDpric aalli ba mixed with tolntiaoi of alksli catbonalea, Itaen. a* in the 
cue of magnBiiuni, carbonic anhydride it evolved and basic sail! are formed, which varr 
In enmpoiitioa according to the teaparature and conditio 
OdM Bolntioni, ■ voluminoiu blue precipitate ia formed. 
(ortion at onprio hydroxide ud cubonale [attor itandiiis or healing, it 
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The oommonest normal Bait is Mat vitriol — i.«. the normal ouprir 
Bulpbate. It gcDPTally contains fire moleculM of water of cryBtallii^- 
tion, CuS04,5H,0. It forms the product □( the action of atroo;; sul- 
phuric ncid on copper, Bulphuroua anhydride being evolved. The sant* 
Bolt is obUuned in practice by careful); roa^iting salphuretted ores of 
copper, and also b; tbe action of water holding oxjgen in aolution on 
them : CuS 4- O^ = CuSO,. Thia salt forms a by-product, obtained la 
gold refineries, when the silver is precipitated from the salphnric acid 
solntjon by means of copper. It is also obtained by pouring di1ut« 
sulphuric acid over sheet copper in the presence of air, or by heating 
cupric oxide or carbonate in sulphuric acid. The crystals of this salt 
belong to the triclinic system, have a specific gravity of 2'19, are of a 
beautiful blue colour, and give a xdution of the same colonr. 100 
parts of water at 0° dissolve 15, at 35° 23, and at 100' about 45 parta 
of cupric sutpliato, CuSOt. '"'''* At 100° this salt loses r portion of ha 

i* tlui fUM aa miliclute, ap. iti. Be): !CuBC,ONii,CO,*B^^CBCOhCallA 

4aNHB0i-»CO,. U t!u'[e«ulU>iilbIuepi(Wipiu^tHliei.tfidiiilliEl^iiiil,itlo<aiii»w 
and is tranffonned inia s gtuiular fr^n ram of Ihe coinpotibion CpjCO*^— 4^ 1v(o k 
compaiuid at ihn norma] ii^lt vfltt uhTdrov cppric oiido. Thift lalt of thton^ eon^ 
■pondi with erthocirbonic uid, C|OH),-CH,0,. shsn <II » r^bshI br Ko. Oa 
further boiling Ihia uU lose! a portion of thfl chrbonie arid. fonBiog blade mprio ouda, 
■o nnibiblo iitberainpoandDreiiiipfiTWitbcvboniduibydridtt. Anolfiv bfeoic «^ whUl 
occun In natarc, aCiiCOj.CuH^OK ii knovn u uuritc. or blue cari>ODal« al ooppvr ; H 
alia toK* cubooic acid vhtn boiled with waUr. Oo nijcing • aolatioii of cuprlo uli^iaU 
vith todiam ietfjuiaurboDala tia pTBcipilal* ia al flrtk obUiotd. bal tita bollitag • jm^ 
dpitAt4 iB formed baviRg tba ccmpmutioa of malurblta. Dvbrmy obtained artiOekal 

list) with (B,0, tbat m, diScnatl} 
» peifedlT iwoiDiphDn mtb t i ia aa, 
«1 la Hsa not only in the fiwt that it gite* iaomorphau* miiturei with lh«m, cnnlaiBtng 
a aimilar amount of water of orrilalliiation, bat a1» in the taae Hitfa whioh il torai^ 
like all faaiei andogaoe to MgO, doable aalta, Ii^(90,lh«Hp, whan R-K. Rb, Ca. 

SalU ol thi> kind, like CaCl,.3KC1.3H,0,PlK,CT„ «•.. praHnC a eonpoeitloa 
CoX, il Uie npruenlatioo ol doabls lalti giirn in Chapter XJIIII. Note II, b* 
admitted, bKUiH thar, like Ca(HOU, eanl^in Ca(X,KI„ when X,»90., i.t. th* 
naiilDa of lolpbiina acid, which eomhioea with R,, and im tberelore alila to npUa 
tb* H, »y X, oi O. A daUiled alnd; at the erjiUIIine lorm* of the» aalta, mala bj 
Tntton (ItWS) {>« Chaplar XIU., Note II. ihowed ; (t) that aa inveMigated Hlta al the 
eompoiitioii KtU(SO.].SU]0. when R' K. Rb. C>, and M ^ «g. Zu. Cd, Un, Pe. Co, Ki, 
Co, preoent a complete eryilallagTaphie naeiabUnn: HI thai ip all nii|HU the Bb 
•alt> praaeol a tranaitioB betweaa the K and Ca aalU; |S| that the C. aaha tona 
orjiUli molt aaailf, and the K lalU lb* nuM diOcoltlr. and that for tbe K aalU at Cd 



id Un it 



IB of thair angle*, tho gcnanj af 
diRan my olaarlf fiom the Ca wlti, while the Rh hIu prer 
IkiaiiasiHl: (ElthattlxanBleofUieineliBatioDDlaivafthe. 
OUwr B«« ihowad that in the K lalU lai«la tnun It" to 7t° I 
la the Ce aalU (from TV H' to 71" W) grealeA and in thi 
11° 111 inttmiediaU between Dw tMo; tbe nplaoannt ol li 
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of cryatallisation, which it only part* with entirely at & high 
temperature (220°) and then gives a white powder of the aahydrous 
mlphate ; and the Utter, on further calcination, loses the eletnanta of 
■Dlphurio anhydride, leaving cuprio oxide, like all the cupric salts. The 
Anhydrous (colourleas) cupric sulphate is aometimes used for absorbing 
water ; it tarns blue in tbS process. It ofiers the advantage tliat it 
retains both hydrochloric acid and water, but not cariionio anhydride," 
Cupric sulphate b used for steeping seed corn ; this is said to prevent 
the growth of certain parasites on the planta. In the arts a consider- 
able qnantity of cupric sulphate ik also used in the preparation of other 
copper salts— for instance, of certain pigments"*'* — and a particularly 

nr; •mall chuge id Ihii nugle; (S) that Uie olhBr uiglet ud llie ratio of the 
»»i o( Iht CTjiUli iihibit ■ liniilu niJKtion ; ind IT) that thut the 'Btiation ol the 
(gRB 19 chicHy delflniunoil by the (loinie oeiglit of ths dkajine nmlal. As m eliLinpls 
*• oila the nugniloda of lbs indidition of Ibg ue> dI E]M(SO0i,GH,O. 
B= K RU C. 

M-Mg WW 14° r 12' SI- 



I 



Co 76° «' TB'Se' n'iV 

Si TB-O' 7B-B7' Tll'M' 

Co TS'SS' IflV IS'W 

denrl; (withiD the I^Bita ol pouibla error, whldi axj bn u much u 

paTf«t Ldontjtj of the iudapendeDt cryiballiDe forma natwitbBtaDduiu the 

aet<smiowoigbUo[tbedietomioelemaDla,H^Ug ; . . Cn. 

ion to obet hu been uid (Cbiplei I., Note U, uid ChkpUr XXIL, 

bmilian ol CdSO, with ntat and untDOolm wo miy add 
that CDaOt,EH,0 [OHS <]H,0 at teO°, (hat CuSO„ENHs 

id thai onl; JBgO and JKH, ■ ' ' 



■> In addilioo to oh 
Note 8() reipecting Iba i 
Uut Laohiuofr '1898) »hoi 
alao torn 41HHs at 110° 

ths CqSO,. Tba tut 1H,0 can oalj Im dri.aii 
JNHi bj heating to 800° Ammonia diipUoe» 
iuno4 diipUoe lbs ammonia from Cii90„Dtm, 
om CaSO,,sH,0 at the ardinarr I«mp«ntun, 
Ibeo CttSOi.lH^.lHCI. Wbau air ig paited ov 
Cu60,H,O Kith a imall amoDnt ot 
■iream o( hydrccblotio at ' ^ 
whilit afl«r pralocgBd hotliog- usHUi remaini 
when placed under • bell Jat avat water. Ov 
«al]' pula with 3H^, and il CuS0(,3Hg0 
Cb80(,EE,0, and >o on. 

II Ml Commercial btneiitriol gaoanlljconlaiiiB lenoui inlpbals 
bj iiaa*ertiag the leiioon ult into ■ larric «lb b; heating thn loU 
i^tiie acid. The aolotiau ie then cTuponttad lo dryneu, and the unchanged CDpri< 
phala eiUactod Iron Ibe reiidne, which will contain Iba larger portion ol tba I 
oiide. The remaindat will be laparated i[ cupric hrdroiide it added (o the aolutiot 
boiledl the cuprio oxide, CuO, then precipilatee the lerTioaiidv.Fe,Oj,juBlai it fa 
pndplUted by silver oiide. But the eolution will contain a amall pioportioil of > 
•■ ■ uidmul 



Dg to 300°, and Iha laat 

r from CuBOu6E,0, hot water 

bydronhjorio acid gaa be paaaed 

gt forma CDB0i,fiH,O,BfiCl, and 

4 latter compoiuid it paasea into 

; 100= Cn80u»H,0 in a 

id then Cti90„lH,OHCl, 

Lpidl; paaiea into CnSO^SH^ 

ilphuiio acid, howerer, CuSO^SHgO 

placed over water it agaia forau 

. The aall ia purified 
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luge quantity u usecl in ihr ijaloajiopliutie jrroeeu. Which ffmnittl )■ 
tbe depoaiUoa of copper from a solution of uDpric mlplwte by tlM 
kctJoa of a gatv&nic current, when the metallic copper i> depoBited 
on the negative pole and t&kes the shape of the latter. Tb* <)6- 
toription of the processes of galfanoplastic art introduced bj Jacobi 
in St. Petersburg forms a part of applied phjaics, and will not ho 
touched on here, and we will only mention that, although Gnt intro- 
dnoed for small articles, it ii) now used for such article* as type moulda 
{diehit,, for maps, priots, kc, and also for large statues, and for ths 
deposition of iron, zinc, nickel, gold, silver, Jtc. on other met«lB and 
tnaleriaU. The beginning of the application of the galvanic current U> 
the practical ex-traction of metals from solutioai luu alio been ecbtb- 
lished, especially since the dynamo electric machine* of GramoMv 
Siemens, and others have rendered it possible to cheaply convert tha 
mechanical motion of the st«am engine into an electric carreDt. It ii 
to be expected that the application of the electric current, which haa 
long since given such important results in chemistry, will, in the near 
future, play an important part in technical procesaes, the example being 
shown by electric lighting. 

Tht aUoy* of copper with certain metals, and especially with linc 
«nd tin, are easily formed hy directly melting the metals tt^tfaer. 
They are easily cart into moulds, forged, and worked like cnfiper, 
whilst they are touch more durable in the air, and are therefore fra- 
queotly used in the arts. Kveo the ancients used exclusively alloy* 
of copper, and not pore copper, but its alloys with tin or different 
kind* of bronie (Chapter X VIII., Note 35). The alloys of copper with 
xinc are called hmt» or 'yellow metal.' Brass contains about 33 p.c. o( 
line ; generally, however, it does not contain more than 65 p.c. of 
copper. The remainder is composed of lead and tin, which usually 
occur, although in small quantities, in brass. Yellow metal containa 
about 40 p-c. of line.'* The addition of zinc to copper changes the 



AmoBg Ui* kllajri cA copper n 



cbJin^ tnWi d*lt^ n 



d brA. Dkb 



tina). or of colwlt, ud niMigui.'H', ufad ■ 
la fr«. It maid ■! 9W, ud khra l»sii 

-fOOtlld Uld toTIDt «IC«llu]lb AfcfltitlgB. I 

(gaa n»Ul ftbout M, phnqiliai brooM al 
to too", bat kfUr i 



H mocb u St pjL. vliicb La Snk ^orad with 
Mia otfan msUli. Tm tp. gi. of dtlla bMU 
u to loid thti it Bill Dp all Uw »ntlH in a 

tiu ■ tmiila •tiBiRtli or }0 Ulo* pEt tq. ibib. 
it SO). It i> tu} aolt. ttftatilj ■>!« baatsd 
H w^ 1)Krd ; it it tnore dLffiooltlf k ' 



•ugon bj ftir Add watd thui tMuf Id&di ct hnjm, and p^ aw K i iU gaiAta jella* CDloctr 
lot mj lanffth of time, e«pfifUllj if wejl potiakad. 'It i< qaad for m^kiDg b^krin^ tetvtt 
pnpatlm, lalrs*. uad muiT ottiar uticlsL In tvunl thu kllor* ol Cn ud Za «n- 
1***'"jr Ihbant ) t>-<^ ^7 iraight ol coppvr wvt for • Img tilD* almoal eidofiTfllr VAdfl la 
BwBdon and E^cgUnd iBnMoI. Biimiiii^iatiil. ThHt tUori lor Lhi moat put ua ehaapar, 
liaidar, ajul mon fuibli tkiu copper aJonc, and tana food caalkigi. Tlis allcya soa. 
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oolonr of the latter to a conaiderable d^r«e ; with a certain amount of 
nnc the colour of the copper becomes ;ellow, and with a (till larger 
proportioQof zinc an alloy is formed which has a greenish tint In those 
aUojB of zinc and copper which contain a larger 'amount of zinc than 
of copper, the yellow colour disappeare and is replaced by a greyish 
colour. But whsD the amount of linc in diminished to about 50 p.c.^ 
the alloy lE red and hurd, and is called ' tombno.' A contraction takes 
place in alloying copper vith zinc, so that the voluue of the alloy ia 
less than that of either metal individually. The zino volatilises oii 
prolonged heating at a high temperature and the enceag of metallic 
copper remains behind. When heated in the air, the zinc oiidiiKa 
before the copper, so that all the zinc alloyed with copper niAy be 
removed from the copper by tliia nieans. An important property of 
bruB containing about ^0 p.i:. of zinc is that it is soft and malleable in' 
the cold, bnt becomes somewhat biittle when heat«d. We may also 
inention that ordinary copper coins contain, in order to render them 
hard, tin, zinc, and iron (Cu = 95 p.c) ; that it is now customary to add 
a smnll amouDt of phosphorus to copper and bronze, for the tame pur- 
pOBB ; and also that copper is added to silver and gold in coining, &e. 
to render it hard ; moreover, in Germany, Switzerland, and Belgium, 
and other countries, a silver-white alloy (melcbior, German silver, drc.), 
for base coinage and other purposes, ia prepared from brass and nickel 
(from 10 to 20 p.c. of nickel ; 20 to 30 p.c. zinc : 50 to 70 p.c. copper), 
or directly from copper and nickel, or, wore rarely, from an alloy con- 
taining silver, nickel, and copper." *'• 

Copper, in its cuprous compoands, is so analogous to rilvfr, that 

tainUig i>-80 p.c Cd cryiUlliH is cabsi i[ ilowlj cooled iBi ilso cith ciraUli). Bf 
wutung lbs naitee of brua with dilute iDlpfauiic utd. Zn ii nmoved and tlie utid* 
Bsqaina Un ddIout of ooppo'. Th* tl\aji apprDiKhing Zn,Cn] in Uiaii oampHitian 
■dddbjl Uwgrvkteit nauUbu [tuidar ttihar equa] ooiiditioDi; of purity, forgiuft, roUiag, 
Ab) Thfl addi^oa of a p.o. Al, or A p.c. Bn, intprovei Um qoalitj of braw, Bei^ieotillg 
■hmlDinm hiiiiua m Ch>pl«r XVn. |i. 89. 

"»^ Bill (ilM) KuoeDikj), ISeS, far >a>*iliE>tiDg tha Bt«liiul londiutmljr o| th* 
■Uoji Dl utUnoDj ud copper wiUi Iwd. amt to tha concluBioti thai col; two deSDll* 
MaDpoundsofMjtLraouy badoopporfliiat. whilst tlie other ilUdji fcro aiibvr alloy* of Uhm 
two together or with tntimoDy or with copper. TbCH oompoundB are Cu,eb aod 
Ca^Sb— obo GorreBposda with tha maximum, aad tho other with tho mbircom, elactrioal 

metbodi by which tba compoiitioa of definite illoji (for eiampla. PbiZn,) ii oFten 
Mtabliehed. whilit the alectnnnotine fane of alloyi affoidi (Lanria, 1859) a (till mora 
asounta metlwd— lor initance, eeieral deflolla compounds were discovered by tbii 

detaib of Ihii >ubi«t, bwauu wo aiDid all nfereiicri to electricity, althoogh the reader 
' ' to nukohimiaLf acq oain led with thiabraoch of aoiORCB, wliich ha» maoj 
in with chemlttry. The llDdy of aUoyi regarded aa 
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h light 



.■ queiUea of aolntians. which i* lUll obacnn.. 



U6 



PHINCIPLE3 OF CHEttlSTRY 



wen ibefS no cupric compounds, or it silver gave stable oompoaOi 
of the higher oxide, AgO, the resemblance would be as close as that 
totweea chlorine and bromine or doc and cadmiam ; but aiWer 
oompounds corresponding to AgO are quite unknown. Although 
■Jlver peroxide— which was regarded aa AgO, but which Berthelot 
0880) recognised aa the Beaquioiide Ag^O, — is known, atill it does 
not form an; true salts, and ccnsequentlf cannot be placed along 
with cupric oxide. Id distinction to capper, silver as a metal doe* 
not ocidise under the influence o! heat ; and its oxides, Ag,0 and 
AgjOj, easily lose oxygen (we Note 8 tri). Silver does nol oxidiM in 
air at the ordinary pressure, and is therefore classed among the 
so-called noble melaU. It tiaa a white colour, which is much purer 
than that of any other known metal, especially when the metal is chemi- 
cally pure. In the arts silver is always used alloyed, because chemi- 
oally-pure silver is so soft that it wears exceedingly easily, whilst when 
fused with a small amount of copper, it becomes very hs^, without 
losing its colour." 



» TlisTB ue not mtny »It mstal 
wbat Ktt, uid potsBsiiun uid todt 
■n HDoreni uicl hard, ud mviy otber melnli 
and kDtimoDj. But Ihe lerj alight glgnificiuic 
d«i«n)Liniiig the f DDdunental chfiinicAl proportice ol tubsUno 
fmmaiisd impdrtanpc in the pructLcal applicAtioni oF metAb) li 
«howb by imD. wUch LH iiard ftt tha ordinacy temp^vti 



er, Inn, uid fold ki« >om^ 
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piuch thfl» impcrUvk h»vB In 
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the imount ot po« >anr in 1,000 pute by wei|hl : In Rw^ Iha 

■T la no puti— thai a, Um M»y ihom Ota noralHi ol lololBiki 
(iliEt in QDs poond (110 Bnunj) ol lUojed utnt. Buuiin wltar i* 
"--■ * - ' io> B< p>rU byvaightnf porgiilvsc udU puteot 



g*D*nllj et uuy— Ihil ii. coiiL 
tofpet iad othar nutali, Fnuil 
will be BO'l uuj) b; iiei«bl of ■ilnr [Engli^ oaios ud jowstli 
•UvDc) : (he tihvx [oDbU >• ol BS) UHy— Uul i>, it oonUiiu MB 
■milJar KntaUn tUrer colnn^ it of 48 UHaj, uid Ibeiflfoi^ »d 
Silter cnauunU uid uticlei us iuiullj nudi Id Rniiii at 
e«p6oi«lly lilcr baing labjaclod 
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greftt«r (juftntitjr of silver occurs io cotQbination vith mlphnr, uid 

especially in tbo form of sUvcr sulphide, Ag|8, with lead sulphide 
or copper sulphiile, or the ores ot various other metals. Tho lu-geei 
amount of silver is extracted from the lead in which it occura. If thii 
lead be calcined in the presence of air, it oxidises, and the resultant 
lead oxide, PbO {' litharge ' or ' silberglatte,' as it is called), melts into 
a mobile liquid, wliicb is easilj removed. The silver remains in ui 
nnoxidised metallic state.'* This proceas is called aiptUatuxn, 
brlglit vhile globule. II the weight o( the Alloy Ukea ud of Uia nlier Mt od the cnptl 

ia poisible to rdcnUte (he coispodtion ol the kllDjr, Thus 

uiiati in the appLn^on t>l the oxidi«a' ' 



1 ol hut 



natalitroi 
satbod, bund on the predp 
a, fa dflficnbcd 'm dstul in 



of iQvar from itfl ■aldtiobfl ia thQ tann of ■ 
on uuljtieaJ ehamiitrr- 

^* Id Ameriea, whenco the lu^at BJboimt of ilWar lb now ohtuned, area u« vorlttl 
vontidBlDg Dot mem thui ^ p.c cl ailTai, wliilil (t t p.n. ila eltnction [« v«7 profltftbU. 

aimttl i> uuetiDiea prnfitikble. The nujority of Iha leid anultad fnnD galeu contaiu 
ailrer, which ii eitncted from iL Thaa nam Ansa, In Fnijce, an ore ii wor^vd 
whieh oontituu ^boDt t6 pmru of laid Hid 0'06S part ol uItet in 100 puU of on, whisb 
coRMpondi with tSS parts of uliei in 100,000 parts ol lead. At Preibeis, in Suony, tha 
OCB naad (eariched bj nueliaajcaj dieaaing) oontaisa about OO of lilver, IflO ot lead, and 
i at eoppar In 10,000 paHa. In averj cue <hs l?wl it firrt aitracted in lU muuMi 
daaoibed in Chapter XVHL, and iliii lend will dodiiuii aU Ihe lilier. Not uutraqaaallf 
other orei of aQver an lulled with lead orea, io order to obUin an aigmtifennu lead aa 
tho piodact. The eitntotioo of aniiill quantitiea ol ailrei from lead ia faiilitaled by tha 
tact (Paltioun'a prooeaa) thai molten argentiforoiia. lead in oooling fint depoaila 
etyatata of pare lead, which fall to the bottom of the cooling Taaaal, whilit Uie prapot^ 
tion of ailvar in the nnaolidiflad maaa increaaea owing to tha Tcmoval of the cryitalB' 
ol lead. The lead ia enriched in thia manner nntil it oontauia ^ part al -nUTei, and 
ii than aubjeotad to cnpeUation on a larger Male. Aooording to Park'a proceaa, liao h> 
addw! to the mollsn argantifomuB lead, and the alloy ot Pb and Zn, which fint aapatatn 
oat on cooUnc. ia ooUacted. Thia alloy ia [oond to oontaia all the ailvu proviaorly ooo- 
Uined in tha lead. The addition ol Oi p.o. of alamininra to tha tiuo [Roaalet and Bdelmaa) 
taoilitataa tha oltraetion ot tha Ag from tha lenliant alloy beaidsa praroating oiida- 
Uoo; toi, attar ro-Dui1tiii(r, nearly all the lead aaaily nma -oil (ramaiu fluid), and 
leaTea an alloy containing aboQI SO p.n. Ag and abont TO [hs. Zn. Thiialloymay benaal 
aa an anode in a (olation of ZnClj. when the Zn la depoiiMd on the cathode, leaving tha 
•ilvarwilh a amall anonnl ol Pb.drc. bohind. The aQvar oan be aaaily obtained pimbf 
treating it with dilate acida and cDpelling. 

Tha Dm ot ailTer whioh oootain a larger amonnt of it am : milver glaaiw, Ag,B (tg. 
gr. 71) i argaoUteross-oopper glance. CoAgS ; ham Bilier or chlotida ol ailver, AgCli 
■rgantifetoai grey copps ore: polybaaite, M,^Si (where H-Ag, COjand R-8b, Aa], 
•nd aigentifenmi gold. The lallar ia tha naual lonn in which gold ii lound in alluvial 
dapoiita add nrei. The ctyatala ol gold from the BanaoSaky nilDe* in the tJmla contain 
90 to at ot gold end G to V of ailvu, and tha Altai gold containa Ut to SI of gold and S4 to 
tS of ailv«. Tba proportion of uliei in native gold variea between thsae limit* in olhai 
which guerally occur in teina. OBOally co 
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Commerdal silver generaJly contains copper, luid, more rarely, olh^r 
metallic impurities alao. Chemically pure tilver ia obtained either by 
cop«llatioD or by Bubjectiog ordinary silver to the following ireatmcnt. 
Tho silver is first dissolved in nitric acid, which converts it and the 
copper into nitrates, CutNOi)j and AgNOj ; hydrochloric acid U then 
added to the resultant solution (green, owing to the presence of the 
cupric Bait), which is considerably diluted with water in order to retain 
the lead chloride in solution if the silver contained lead. The copper 
ftnd many other metals remain in sotutiou, vhilsl the diver is precipi' 
tated OS silver chloride. The precipitate is allowed to settle, and the 
liquid is decanted oGT; the precipitate is then washed and fused with 
eodiuDi carbonate. A double decomposition then takes place, sodium 
chloride and silver carbonate being formed ; but the latter decomposes 
Into metallic silver, because the silver oxide is dscomposed by heat : 
Ag,CO] s Ag, -(■0 4- CO,. The silver chloiide may also be mixed 
with metaliic cine, sulphnric acid, and water, and left for some tim^ 
when the line removes the chlorine from the sliver chloride and pre- 
cipitates the silver as a powder. This finely-divided silver is called 
■ molecular silver.' ' ^ 

ttchneB ol theH minH mi; be iudgcd fnni tba ful Uuit mc mjiio in the BUt* ol 
N>r«lh (CODUtwJi, iHU Wiuho« ud lh« ciliei ol Odd HiU and VLrgUin). wliiGh vu di>- 
eovcRd la 18S9, gtve wa oatpal ol IDO tool in IdSO. la pUce of cupalUlioD, Dhlpii- 
nulian maj lim be omplojDd tor eitncbiog ailvn from iti om. Tho ia«lhod ol 
ahlorinUion conuiti In mnvertiag tbs lUver tn ui oia into ulror cblarido. Thia Ii 
•lUua doss bj > wet or b; a dcj method, routing the ore with NeCI. When tha ■ihsr 
dkfnd* ii formed, the eitrfection ol Ihe meW ij ^u done by (wo mAtlLodt. The £nh 
Conntti in the ailtet chloridn being radooad (o pwUl b^ meuie ol iroo in roUtin;- 
b*rT*li, villi tbe aabteqneol addition ol mennrj which cUnolTei the nlvei, but 
doet not act on tbe olher^etali. The mercniy boldinf the lOirer in ■olatian Ip diqtillqd, 
when the lilnr ranuuu bshind. Thii method Is oiled amalgamatiiT't. The other 
■ulhed i* Ina bsqaently nied, uid coniiita in diuolving the lilvei chloride in Kdium 
fhlefideoriD lodiviD ihioanlplukte, and then precipiUiLing tba lilver from the eoJation. 
Th» amiJgnBntioa ii then carried en in rotating biurdi mntaiaing tha roasted or* miied 
vHfa water, iron, and tattaaj. Tha iron redooai tho ■ilTet chloride bj tailing op the 
ehlorine baa it. Tfao technical details of LheM prooeuu are daacribed in worka on 
mntaltnrg^r. Tha eltractlon ol AgCl b; the wet mathod i> carried en (Paten's proceaa) 
hy meani ot a aolDtian ol hTpoaulphite of aodituo which diaaoliea AgCI (ue Note U), ot 
by liuviating with a % p.c. aola^on of a doable hjpooalpbite of Na and Cu (obtained bj 
adding CaSO, to Na,S^,), The [eanllant aolotion ol AgCI ii Orat trMUad with aod* 
(a precipitate PbCO], and then with Nt,S, whidi pecipltatea tha Ag and An. T)a 
.procasa ahDold be earned os rapidly to prevent tbe ptecipitalion of CujS Irom the lolu- 
tioD of CnSO, and Na,S-Pf 

^^ There ia another pra^cal msthod Kbich ia alao aaiUblo for aeparating the ajLvor 
feorn tbe aolDttona (dilained in photogtaphj, and conaiata in precipitating tbe ailver b} 
oialia acid. In tbia eaa* the amooDt ol ailver in the aolDtion mail be kn.|wn, and Sa 
graau ol oxalic acid dieaolved in 40O grama ol water maet be added for every flO grama 
ol lilvaT in aolutlon in a liln of water. A precipitate oil ailver aulale, Ag,C,0,. ia then 
ebtsioad, which ia inaolablo in water bnt aolnble in acida. Hence, it the liquid contaia 
asj bee Mid it msat be previoDaly lievd fium it bjr the addition ot eodioni oacbDnatoa 
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CheraicfLlly-piire silver has an eiceeding pure white colovr, utd » 
ip«ci6o gravity of 10'5. Solid silver ia ligliter than the molt«n metal, 
&cd therefore a. piece of silver floats on t)io latter. The (usitig- 
point of silver is about 950° C, and at the high temperature attained 
by the combustion of detonating goa it volatilises.'* By employing 
Bilver reduced from silver chloride by milk sugar and caustic potash, 
and distilling it, Stos obtained silver purer than that obtained by any 
other means ; in fact, this was perfectly pure silver. The vapour of 
silver has a very beautiful green colour, which is seen when a silver 
wire is placed in an oxyhydrogen flame." 

It has long been known (Wdhler) that when nitrate of silver, 
AgNO,, reacts as an oxidising agent upon citntles and tartrates, it is 
able under certain conditions to give either a salt of suboxide ol silver 
(see Note 19) or a red solution, or to give a precipitate of tnetalUo 
silver reduced at the expense of the organic substances. In 1839 Carey 
Lea, in bis researches on this doss of reactions, showed that eolublt 

Th« reialtBDl precipitate of wlrer osVUle in dried, mit^ willi ui eqniil weighi of dry 
•odlDm urboDkle, uid thrown into > gantlf-huted eTUoible. The Hp*ntian ol Um 
^Ivet tben procecda without ui explDsion, whilst the iilver oiklala if hekted atooe 
decompoui witb eiploeion. 

Acoordinf; to BUa, the belt method for obtuDuiff lilveT From iti colnlionv ie bj the 
ndnctioD ol giliar ohloride diuol ted in tDHnoDii hr meui ol in ammaniuil KilntiaB ot 
cuproui thloBnlphslfl; Ibe ulier is thou precipflHtAd in ■eryitsllinelarm. AeolBtionot 
^miDoniuti] HUlphito mmy bo DBBd inateid at the DnproQH aa!L 

>' Silvar is very nullseblo end ductile; it iD<>r b; beaten into leaxi D'ODl mm. In 
thiokneu. Silicr wire Duj be mede to flns thet 1 gtun ■■ drewo into ■ wire 9t kite- 
metrei long, tn Ihie leipeot lilvei ii eeeond onlj to gold. A win of S mm. dutnuta 
bmln atid«i & utrkin al 10 kilogrun*. 

■' In multing, ailvei nbeorbl • cooiidenbte unount o< otygcn, which U diMoglged «n 
■oliditfing. One volume ol molten lilrer Aheorbft he much u Sfl votnmte of oxygen, to 
•olidifjriDg, the silitT tormi e&Tiliai like the enten at a Toleeno, uid thnwi olF metd, 

■ale (Dddwi). Bilvgrwhiali conl»ini m udbU iggantilr of copper or ga^A, Are., doee not 
show thle p»[Mrt]r of diuolviig oly|;e;L 

The ebeorptiou ot oif gea bj molteD ulver u. however, ui ondetion. bat it it ■! lb« 

diuolre Iwenty-lwo cubic oentimetrw ot Olygen, which, eten it 0°, only weiglle ODS 
gruu, wbilut 1 Gubio cenlimette of ■ilver weighii nt leoil 10 grami, uid tbereton it !■ 
impoevble Ui tuiipoie Ihitt the ibtorption of the oifgeo ii iitteiidDd by the forraelion of 
taj iloGiiito campoBud (rich in oiygen] ol iilver ud otreen (About IS etomi ol lilvcK to 
1 ot Dirgan) ■■> any othsr bat > diHocleted lam, *nd thl* ii the etala in which eob- 
eluocaa in lolaliDa mml beregudsd jCha.pl«r I) 

La ChKtelier showed Lluit et S00° uid IB AtmoephwTi pretnre ailvar ebwrhi ao 
cincli oxygon thil it ra»j- be reguded m hitTing lormed th* eomponnj Ag,0, m ■ 
miiture ol Ag, ud Ag,0. HoreoTur, iitvsr oxide. Ag,0, only dtcolnpowi el 8W ondst 

Si»° bat only it 400°. 

Stu ihowad Ihel eilTct i* oiiOieed bj eir in the preuoca ol eojdi. V, d. PlordlMl 
confirmed thii,eEid«bowad Ihftt ui ftoidified ealution ot fiolAaeiiub parm^ngimete rqi4dl]r 
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litwT is here formed, which he called tUlotropie tUvsr. It may ba 
obtained bj taking 300 c.a. of a 10 per cent. boIuUod oI AgNO^ Mid 
qaickljr adding a. mUture {neutralised with NnHO) of 200 o.c. of a 
80 per cent, aulution of FeSO, and 200 o.c. of a 40 per cent, solution 
of todium citrate. A lilac precipitate is obtained, which in collected 
on a filter (the precipitate becomes blue) ftnd washed with a solution of 
KH,NOj. It then becomes soluble in pure water, forming a red 
perfectly transparent solution from which the dlEsolvod silver is prccU 
pitated on the addition of many soluble foreign bodies. Some of the 
Utter — for instance. NU,NO,, alkahne Gutphates, nitrates, aud citrates 
— give a precipitate which redissolvea in pure water, whilst others— for 
insUnce, MgSO,, FeSO,, KjCr,0„ AgNOj, Ba(NO,), and many others— 
conrert the precipitated silver into a new variety, which, although no 
longer soluble ia water, regains its solubility in a solution of borax 
and is soluble in ammonia. Both the soluble and insoluble silver aro 
rapidly converted into the ordinary grey-metallic variety by sulpburio 
acid, although nothing is given off in the reaction ; the same cbangtf 
takes place on ignition, but in this case CO, is disengaged ; the latter 
is formed from the organic subslanoes which remain (tc the amount of 
3 per cent.) in the modified silver (they are not removed by soaking in 
alcohol or water). If the precipitated silver be slightly washed and 
laid in a smooth thin layer on paper or gloss, it is seen that the soluble 
variety is red when moist and a fine blue colour when dry, whilst the in- 
soluble varietyhas a blue reflex. Besides these, under special cunditions '* 

U VIienMlatioDiDl AgNO,, FeSOu aoditun oitnlc, kod tf kHO u« miicd together 
Id Iha vaiaaa dswHbed *bav«, tlw; throw down * precipiUM ot k buanlitnl IiIm 
cbImu; wbaa Iruufemd to ■ Mlar papci Uu predpiUts iuod rjluuigm colour, Hud 
becomai durk blue. To obtun Iha aabilum « pnre u potaible i\ is wuhed with k 

poured o*eT thfl precipiUte. It divii diflulveH featireljia Iha walAr. A Rmkll quuititj of 
s wtonted (glntioa ot umoooiuni oitrata ii kddud to tbo eolutlon, and thn sUrer 
in (olation ag^n eepuslm out u ■ preclpllnte. TheH dtoiute KilaUaiie uid 
pmnJiritalioB* ua repcttad aevcn at aighl tlmei, »X\m which tba pisoipilal* ik tnua- 
lamd to a Sltcr ud vuhed iritb Vt g.v. alcohol unUI the G)t»l« kIih do iiwidae on 
•TatxtaUoB' An uisljaia of Ui^ iDbatuice to oblaioad abowed llut it coBlaioed {rom 
V7~lfl px. to VT'Sl pj}. of maUllao lilvir. It ramubod to disodvar wlut tha ramainlnf 
fl-9 pc ware oompoaed of. Are thof manlj imporiliei, or it the inbataDoa tonw OOdl- 
potmd of aitver with ovj^a or hydrogao, or do«i it contaia eiirio add in combinatiali 
■hjch might KonDt lot iti tolnbiUlj? The lint lappoailioD ia Hi aaido by the hd' 
that no gaoca are djaeogaged by the pradpitata of ail var, either tudor tha action of gaae* 
or whsn heated. The aeeond luppoaition ia ihown to be impoaaibl* bjr Uia tact that 
ther* ii no deflnita ralaticni balweao the ailver and citric acid. A datenDination of the 
■mDantDtvlvariDaotuLoaibowedlhattbaamoiuit of citrlo acid luiaa greatly fat ona 
and tha Hune luDanDl ot lilter, and thora ia no aioiple ratio between theai. Among 
other mathoda of preparing aolDbla ailver given by Caicf Laa, we tat-J mention the 
ttethod pnbliabed by him in ISDl. AgNO^ \m added lo * solution of dextrine in caiiitic 
«oda at potaib ; at flnt ■ prcaiidtkle o( btown oxide of lUfar i* thrown down, but th* 
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■ golden fellow variet; ma; be obtained, which gives k brilliant 
ydlow coating on glass ; bat it is easily converted iato the ordiiiMy 
grej'-inetAllic state by friction or trituration. There is no doubt '**•■ 
that there is the same relation between ordinniy silver which is per- 
Eeotlf inBolnble in water and the varieties oE silver obtained by Oai^ 
Lea " ^ a« there is between quart* and solnble ulica or between 

br tlia d«lrine. mid ^a loltitiOD Innu k dasp nA. A la* itopt ol this •olntiia Ion 
WKlsT biigbt nd, uul gin ii periwUj (iwiiipueDt liquid. The detbins •olalion ii pH- 
p»nd by difaotving 40 grucH ot et-osUo Boda uid tba fl&ma nmoUDt of ordiaary brown 
dcitrina in two lilcti ot water. To Ihii uIdUdd ii gndiuUj added W gnjca of AgNO( 




n, detchbed above» afftar 



iron, bariam, ma^eBiiup, &c- In one experimeD 

iii«olubl« aflotrDpiD Af in a cryatAUiue fono. Thi 

BtandiDg aaveraJ weoki, dflpoaiCa cjjfttala BpontiuiwiDalj in the lonn of ibort bl*a> 

needle* uid thia priimi, Uie liqud becomiug oolourleaH. Thie inaotable Tarictj, when 

rubbed opoD paper, haa the appearanu of brighl ehining grMin Bakai, Tbicb pgUnaa 

lighL 

Tbe gold Taristj it obMined in ■ diflerest maanei to tha two otbai nriatiei. A 
aolDtion i> prepared oont&iiiing SOD c.c of a 10 p.c. »)litioii ot nilrMS ol nlTSr, 100 0^ 
of a W p.c. icdatioD nl BoelieUa ealt, and NO co. ot ntar. Joat u in tba pnvioar can 
tlw reaolion ooDBintad in (ha redooUooot Ibe dtlala of ailiw, lo in this cue it ooaiula 
in tlie reduction ol iht turtrate, which here £rat tonne a red, and theo a btacJc predpilate 
of alLchtropio Ag, whicb, when trauterred to the filler, appears of a beaotifal brooiB 
colonr. After waiLin^ and drying, thia praoipitAta adquirai the loitre and oolmr 
pacnliar to poliahed gold, and thia ia eipsoiallT remarked when the precipitate oomea 
into coDtoat with glau or china. An analjaia of the golden Tariety gate a pananta^ 
compoiiUnn ot 98T«0 la W'Tia Ag. Both tbe intelnhle nriatiaa (the bine and geld] 
hBTPadiOisreDlipeciaognTitrfroDiordinafTaUTer. Wfailat (bat ot Insad ailrer ia 10-U, 
and of finelT-di Tided ailrer IQ-M, (he epadSo gnntjr of the bine inaoluble varia^ ia >-68, 
and of the gold vtrietj S'51.~ The gold Tarieiy paaaea into ordinary Ag with gr«at Mtaa. 
Thu trmnaitioB may even be ramuked on (be filtai in thoaa pl»» which bare aecidea- 
tally not been moiatened wi(h water A aimpla ahook. and Uiarelcn frictiaii of om 
puticle upon anothar, ii ennugh to mnioK the gold nriely into nonnal white >ilT«r. 
Cajey Lea aeD( aamplea of tbe gold Tariety for a long diiUnce by n-iJ packed in thiwa 
labH, ia wbieh tba ailrer oocupied aboat the qaarlerof their Tolome; ia one Ivbe only 
be flUed op (hi> apa» with ootton-wool. It waa aflnrwardi fanDd that tha ahaking of 
tbe parti«tea ot Ag had completely converted it into ordinary white ailtar, aad that only 
the tube contairuDg Ibo oottoa-vool had preaarved the golden raziety mtut. 

Tha •olnhls tariely of Ag alao paaaoe inlo the ordinary (tale with great eaaa. Ih« 
heal ol oonTanion being, a* Prange ihowad in ISeO. about t M caJorisa. 

II kH c opinion at the natsre of tolnble ailrer giran below waa flrat eDinHiatad ia 
Ibe JouruiZ o/ l/u Suuian Ohtmital Soctcfy, Pehmaiy 1, IWO, Vol XXIL. Ttota 1*. 
Thia ™w ii, at (be preaant tuna, ganerally aoceptwi, and this nlier ia trwqneotly knows 
I ' colloid 'lanely, I may add (hat Oarey Laa obaaiTed tba eelnbon ol ordinaiy 



(iln 






IT, notaworlhy that ordinary mdUllie lead hi 
■oiOM* in waear. laat bona hu been tepeatadly obuined in a t 
o h aartatioM opoo tbe darabipmeat d£ certain bfteUrIa bava abfu 
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CuS and Ah^Sj in their ordinary insoluble foTios and in tho itate of 
the colloid solution of their hydrosols (se« Chapter I., Note 57, and 
Chapter XVII., Note 2o bis). Here, however, an important Btep in 
advance has been made In this respect, that we ara dealing with the 
solution o( a simple hody, and moreover of a metal — i.e. of a particu- 
larly characteristic state of matter. A.nd as boron, gold, and certain 
other simple bodiei have already been obtained in a soluble (colloid) 
form, and as numerous organic compounds {albuminous substances, 
gum, cellulose, starch, &,c.) and inorganic substances are also known in 
this fomt, it might be said that the colloid state (of hydrogels and hydro- 
tola) can be acquired, if not bj every substance, at all event! by sub- 
stances of most varied chemical character under particular conditions 
of formation from solutions. And this being the case, we may hope 
that a further study of soluble colloid compounds, which apparently 
present various transitions towards emulsions, may throw a new light 
upon the complex question of solutions, which forma one of the problems 
of the present epoch of ohemieal science. Moreover, we may remark that 
Spring (1890) clearly proved the colloid state of soluble silver by means 
of dialysis as it did not pass through the membrane. 

As regards the capacity of silver for chemical reactions, it is 
Temarkable for its small capacity for combination with oiygeq and for 
its considerable energy of combination with sulphur, iodine, and cer- 
tain kindred non-metals. Silver dott not oxid-Ue at any temperature, 
and its oxide, Ag,0, is decomposed by beat. It is also a very impor- 
tant fact that silver is not oxidised by oxygen either in the presence of 
alkalis, even at exceedingly high temperatures, or in the presence of 
acids — at least, of dilute acids. — which properties render it a very 
Important metal in chemical industry for the fusion of alkalis, and also 
for many purposes in everyday life ; for instance, for making spoons, 
salt-cellars, iic. Oeone, however, oxidises it. Of all acids nitric acid 
has the greatest action on silver. The reaction is arcompanicd by the 
formation of oxides of nitrogen and ^iWer nitrate, AgNO,, which 
dissolves in water and does not, therefore, hinder the further nation of 
the acid on the metal. The halogen acids, especially bydriodic acid, 
act on silver, hydrogen being evolved ; but this aetion soon stops, 
owing to the halogen compounds of silver being insoluble in wat«r and 
only very slightly soluble in acids; they therefore preserve the remaining 
mofsa of metal from the further action of the acid ; in consequence of 
this the action of the halogen acids is only distinctly seen with finely- 
divided silver. Sulphuric acid acts on silver in the same manner that 
it does on copper, only it must be concentrated and at a higher 
temperature. Sulphurous anhydride, and not hydrogen, is then evolved, 
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bnt there ia do koUdd kt the ordia&rj tempenture, cvan ta the 

of lur. Among the varioos salts, sodium chloride (I 

moisture, air, and c&rbunic acid} oiid poU^ium cyanide (in the prsMnoa 

of air) act on silver more decidedly Uwa aji; others, convertisg it raapec- 

tivelj into silver chloride sod a double cyanide. 

AlthoDgh silver does not directly combine with oxygen, atiU thraa 
different grades of (combination with oxygen may be ebtained uuli> 
reotly from the salts of silver. They are all, however, unstable, aid 
compose into oxygen and metallic silver when igmt«d. These thna 
» of silver have the following composittoo : tUver tuboseidt, 
A£(0,'* corresponding with the {little Investigated) suboxides of tb* 
ftlkali metali ; silver oxide, Ag,0, corresponding with the oxides of th» 
slkali metals and the ordinary suite of silver, AgX ; aud lilver jmvade, 
AgO,'° ^'' or, judging from Berthelct's remarebos, AgiO,. Silver aadt 
is obtained as a brown precipitate (which when dried doea ciat ooiil«ia 
water) by adding potassium hydroxide to a solution of a silver lalt — 
(or example, of silver nitrate. The precipitate formed seems, however, 

ir ugcolcHw oxid* j> obujovd b 

Mr, iillbouEh but iligbtlf hIi 
Uoid «1>U (NdU IS), ud «ha 

I maliiUic (ilict. tha (rgutia uJi being aguo tonud, Wiihiv, 

who diuoTdnd iiat Dvida, obUiDod it «• a black predp5et« b^ ikddiDg potMonm 

l^dmida to ttw kbora wlatioa of u^nntoBi eitrsl*. With bydio^hloria Hid the 

t« giVM ■ bnnrD BOBpannd, Ag,C[. BiDcxi tbe dimmrrj of K^abla lilm Ik* 

abo?a dtU ittniUit bf tigudad h peifvcUj tnulvorUif : it ii pmbiiblc ttul a miitsn el 

Ag, uid AjgO WW being dstlt with, id thnt the mdtaal eiiitunoi ol Ag,0 it now 

doahtJal, but tben nil ba on doabt. u to tb« InnnilioB oT ■ •ubcbJoride. A^jCl (■■■ 

nboxide. Tbe teine oomponDd if obtuD«d bjUu nctilM 

of ligbl an th* bigb« oblaride. Otbei uidi do not eambias wlUi itlTd (abaiida, but 

eoBTert il into ui erg«ntis «lt ud matallia (ilm. Id thii nKp«cl sDpn>u eiid* 

■In reMmbluwe to Ibsn nboiidet. But eopper ionnt ft nboiid* <t 

n Ca,0, *bic)i ii oblalned bj tba utlon o( u rOkalin* cdlnliaa it 

OD supriii kjdfciiida. ud ia daMoipaaed br Midi Into cnprio aiHa ud 

naunia BnppR. Tba problami oOeiad b; the laboiidas, m onU u b; Iba pa«Bilai< 

~ ' u Mil Mbrad. 

■■ '<• Stlvar pmaiiU. AgO or AgiOi. i* nbUbMd bj tba dM»inp»illoa at ■ dilBt* 

<10 pjs.) aoIaliaD at iOtb oltnta bj On aeUon at t inlTuis camnl (BilUi). On tba 

poflitira pola, «rbar* oi7g« ia tutullj aToiT*d in tba daoompoaition of taJta, britUe grvj 

*Md1« with ■ matallia luitn, vbiob osoMionaU)' mltaiD • mnawhal siniidanUa lini 

. Thar an inaolnbla in nter. and deeanpo** irllfa lb* avolntioa <( 

ri an driad. and haalad, aapactallj ap to 110°, and, lib* land dkaUfc 

baJiBB pomxlda, At, thaii aatioii i* itroiiglT Dilditiit|{. Wban treated with ■oidi.oiygaB 

b erolvad and a idt g< lb* oiida tonnad. BilTn pamiide OiaoTtn •nlpborou aah yd fUn 

■■d lorn* ailrel aalphnla BrdnmUori] acid aTf^vea eUonaa ; unmoDia ndoeaa lb* 

'and gaaaoui nitngao. Analjaaeof tba abcrr*- 

BWUtmad OTTitsU i&iFW tbal tBa^eeaiun «1iarDitrats.p>R>iida, uidntar Aoaotdtai 

Is Flibar, tbe; bav* lb« eiapatitioB lA(0,AgN0i3A "^ ti " ' " " *^ 

UftO^UgNOiAO. 
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to he nn hydroxide, AgHO, i.e. AgNO, + KHO = KNO, * AgHO, 
and tba formation of the anhjdrous oside, '2AgH0 = AgjO + HjO, 

may bo compared with the formation of the anhydrous cupric oside by 
the action of potassium hydroxide on hot cupric solutions. Silver 
hydroxide decomposes int^i water and silver oxide, even at low 
temperatures ] at least, the hydroxide no longer exista at 60°, but 
forma the anhydrous oxide, Ag,0.""^ Siher oxide is almost 
insoluble in water ; but, cevertbelesa, it iB undoubtedly a rather 
powerful basic oxide, because it displaces the oxides of many tnetals 
from their soluble salts, and saturates such acids as (litric acid, 
forming with them neutral salts, which do not act on litmus paper. '° 
Undoubtedly water dissolves a small quantity of silver oxide, 
■which explains the possibUiiy of its action on solutions of salts — for 
example, on solutions of cupric salts. Water in which silver oxide 
is shaken up has a distinctly alkaline reaction. The oxide is dis- 
tinguished by its great instability when heated, so that it loses all its 
oxygen when slightly heated. Hydrogen reduces it at about 80".'° *" 
The feebleness of the aSiiiity of silver for oxygen is shown by the fact 
that silver oxide decomposes under the action of light, so that it must be 
kept in opaque vessels, The silver ealu are colourless Mid decompose 
when heBt«d, leaving loetallic silver if the elements of the acid are 
volatile.*^ *^ Tboy have a peculiar meUilic tiLSte, and are exceedingly 
poisonous ; the majority of them are acted on by light, especially in 
the presence of organic subatanaes, which are then oxidised. The 
alkaline carbonates give a white precipitate of silver carbonate, 
Ag]CO], which is insoluble in water, but soluble in ammonia and, 
ammonium carbonate. A<jueous ammonia, added to a solution of a 
normal silver salt, first actalike potassium hydroxide, but the precipitate 
dissolves in an excess of the reagent, like the precipitate of cuprio 

^* "' Acoordiflg to Cuey LetL. Iiowevur. oaii ot eilver elill TBf4m* VHlar vvea at ]0D^, 
sfld only puLa with it together with tb« oiygoii. Otido of ulvvr i» us«d (ot colvitnitg 

" The nutiao ot FMOH)] opaii AgHO in iLc pnHD« of NiiHO ludi to lbs 
lonutioD ot ■ oompoDDd of both oiidci, Fb0nA«,O, from wliich tha otide ot Iwd 
sunol be nmoroi hj ilkalibi (Wiihler. Letos). WiJUer, Waldi, ud olhon obtunsd 
crrAtAJline donbla BaltH, R^AgX}, by tha mtjoa of itraag solntioiu ot BX of th« luJogcn 
ulM ot the >lkmliDS maUli Dpan KgTl, when B-C>, Bh, K. 

"<••' Acmrding to HUller, feme oiide ia redaoad bj bjdng«i-(fsa Ch^tarXXtL, 
Nol« e) Bl aVi" (into whit 7), cupric oiide at U0°, ttifi, at IM" ; oiakalona oxide, HiO, 
ia ndooed to the inboiide, Ni^O. at l?fi°, and to nlokal at 970° ; aicc OKido reqoirra bo 
high a tempcratoro for its reduatiou that the glaaa tuba i4 which HAllar oondiict«d iLe 
vvporimspt did not stand the heat; antimonr oxide reqnireaa tempeimtnre of SIE^ tor 
II* Todnction ; yellow mercnriu otids ia ndsoed at ISC' and the red oiide U 180° ; lilnc 
diide at Sfi°, and platibum oxide even at the ordioajy temperatare- 

WM A lilica compodnd, AggOSiOf iBObtauidd bj tilling AgVOj wJLh liUca; thii aalt 
the eirolalioB ol atrgen, ItBTliig Ag 4- 8iO|. 
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hydroxide." Silver ox&Ut« and the halogen compoonda ot nlm am 
insoluble in water ; hydrochloric acid aod soluble chlorides give, 
as already repeatedly observed, a. white precipitate of silver cbtoride 
ia solutions oE silver salts. Potassium iodide gives a yellowish 
precipitate of silver iodide. Zinc separates all the silver in a metallic 
fonn from solutions of silver salts. Many other metals and reducing 
agents— for example, organic substances — also redace silver from the 
solutions of its salts. 

Silver nitrate, AgNO^ is known by the name of lunar mus^ 
(or lapi* in/^nalii) ; it is obtained by dissolving metallic sUvw 
in nitric acid. If the silver be impure, the resultant solution will 
contain a mixture of the nitrates of copper and silver. IE this mixttu^ 
be evaporated to dryness and the residue carefully Eased at ani 
incipient red heat, all the cupric Ditrat« is decomposed, whilst the 
greater part of the silver nitrate remains unchanged. On treating 
the fused mass with water the tatter ia dissolved, whilst the cupric 
oxide remains insoluble. If a certain amount of silver oxide be added 
to the solution containing the nitrates of silver and copper, it displaces 
all the cupric oxide. In this case it is of course not cecessary to talc« 
pure silver oxide, but only to pour otT some of the solution and to add 
potassium hydroxide to ona portion, and to mix the result^^it pr«- 
cipitaCe of the Jiydroxides, Ca(OU}| and AgOH, with the remaining 
portion,'* By these methods all the copper cau be easily removed and 

" U a BolDtioD at & lilTfT Akil ba pn«it>ilBl4d bj KdJDrD hydroxide, uid *qD«otil 
ftmrnoiiim <i idded drop b; drop Dotil Uk pncipiUtc ia comptetflj diuolTwI. tlM 
Uqnid nheo eraponted depcaiU • vioUt mua ot erjiUtline tilnr oiide. U moigt vlttt 
oiide be left in ft tlrong ulatEon of unnibDia it gives h bUck mm, which ebiilj deemi- 
poui with ■ lond eiplonon, eipcckllT ntma (trnrli. This bUck (DbiUim li «U*d 
(nlmiiKktiug ulver. ProbHbtjr thii li ■ compound like Ibe other compoimdi ol oxidBB 
wjtfa umnumA, ftud in oiploding th« Dii]ig><n of the >ilrai oiide lonni witer with th« 
hydrogen of the anunouia, which [> nttiinllT m««iiipHii«t b; the eTolntion of hekl (nd 
(oiBution ol gUeoot Ditngea, or, w Ruchig ilfttee. tntminkting lilTeT oeoUina KAgi or 
DM ol the amides (loiinituae,NHAg,-NH]-*-Ag^-t^O). FolniiDtting hItot i> idia 
turrnxd when paUuiom bjdracida ii added lo t eotntion of eilter oitrtte in unuosia. 
The dan^rom exploeioni which ^lo produced by thii eoDpound render it needful ih*t 
great ure be token when ulta ol lilTer come into eoDtaot with uaraonl* ud lUudii* 
(m Chapter X^' r. Note SO). 

"^ Bo that we hem «nooanter tbe fotlowing ptwoomene : ecppar displeceft eilm tnm 
llie BolaLioni of ite Emits, and eilrer oiide dirplaoet caj^Mr ctxide from caprib ealU. 
auidod b]f the eonesptioBi enoneiitAd in Chipt« XV% we «eo ecooiuil loi thii in tb* 
(olloviDg muiner: The atomiD foliuna of iilTer-10-S. ud of eoppar^T'SL o( (Over 
ctide-M,(nd of copper oiide-IS, A gnelcT OHitraotioB ha* titken plaM id 4* fot- 
aution ot CDpric oiide, CoO, thaa io th« toniiatlan ot (ilTtr oiid*, Ag^O, liBO* is lb* 
toniter (18 -T- 8) the eoliuDa after oombinatioii vitb tl» oijgaa hu luanaead bjvdj 
litli^ whilil the Tolome ot aiiiei oiide ii oouidenbl} inalM Ihu that o( the matU il 
•ontain.[M-(B"10«-H*]. B." 
•nd Ii tl>e»fan lev lUbla; but, 
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pore silver nitrate obtAined (ita aolutlon is oolourlws, while the pTMenoe 
of Cu renders it blue), which may be ultimately purified hj cryttalliM- 
tion. It crystallisea in colourlesa trajieparent prisioatio pktea, which 
■re not nDbeH on by air. They are anhydrouB. Its ap. gr. i« 4*34 ; it 
dissolves in half its weight of water at the ordinary temperature.'"^ 
Tlie pure cait is not acted on by light, but it eEisily acts in an oxidiEiug 
manner on the majority of organic substance^ which it generally 
bbokene. This is due to the fact that the organic BubBtBDceis oxidised 
by the silver nitrate, whioh is reduced to metallic stiver ; the latter is 
thus obtained in a finely-divided state, which causes the black stain. 
This peouliarityia taken advantage of fer marking linen. Silver ni Ira t« 
ii for the same reason used for eaulensing teounds and variouB growths 
on the body. Here again it acts by virtue of its oxidising capacity in 
destroying the organic matter, which it oxidises, aa is seen from the 
•eparatton of a coating of black metallic powdery silver from the part 
tcauterised.'"'^ From the descriptionof the preparation of silver nitrate 
it will have been seen that this salt, which fuses at 218°, does not 

(ira mora lUbla ooapamiilii tbu Uidk of eoppu oiide. Thii ia -reriHsd hj Iha flgnro 
mi diM ol tliclr nutioM. It ia impOB&ibla Ig ulcuUIe fot Dupiic Bitnts. bcuuu tbii 
MllluMiMtjvt b«D obtwDod in u uibjdnnig state; but tbe aolpbuLca of both oiidM 
tr* bnDini, Tb> apaclfio grantj ol Ooppar nilphita In tn anbjdrDna lUto it SUB, mi ol 
■ilvac iQlcbtl* BSe; tbs malwnlu Tdoma ot the loimei ia tS, and o[ tha Uttat M. 
Thagronp BO^ in the copper occupiea, aa it were, a Tolnine AS" LB =53, uid la the ulvar 
talt avolBOie SB— Sl^U: hBDce • unailu eontnwtioD hu tikeo place b the lomutlon 
«( the Doppei *alt bom tbe olide than in the lormation ol the tilver iilt, and conM- 
qaentlj the lattur shgsid be RWie nUbla Ihas Ibe lonDtr. Hence ailTv onda la 
able tfl dDcompoie the malt of copper oxiile, whilat wiLh rDspect to ibe metala both aalla 
hare been formed with an almoit idqntioa] contrution, tioBB K volomei ol the tilTer 
•all oontuD SI roluniH of metal (diaerenoe - B1), and ii Tolumee of tbe eopper aalt 
ooataln T lolamei ot copper (diSereDoe-'BB). BeaidoB which, it mnalbe gbaerred that 
ooppct oiide diiplaua iroa oiidc, iml u tiltet otide dicplaoea coppet oiida. Silver, 
inpper. and inm, is tbe tono of oudea, diaplaoe eacb otliel in the above order, bol in the 
'CmD of meiaJii iu a reteraa order (iron, copper, eilter}. The canae of thia ordff of ths 
4iapla«matit ol the oiido liee, amoDget other things, in their compoiition. They htTS 
the compoeitioD Ag,0, CD^,,Fc,0,i the oiide oontoioiDg a len propoitioa of oiTgoi 
,diipiac«a that cbituining a tuger proportion, becanae tho baaic obanoter dinUnialwi 
.with the inereaao of Dontained oi^en. 

Coi^r aim diaplacea meicntT frogi ita aalU. It may here be remarked thai Spring 
(ISaa), oa ti»TlDg a miitore of di; mercniout chloride end copper lor two houn, 
obeBrred a diatinct redaction, which belong to the calegoTy of thoae phenomena which 
demonatrale the eiialaDce of a mobility of puta {i,e. alomi and moleonlea) in aolidaab. 

" '■ The roaotion of 1 part by weight of AgNOj requJrea (according to Xremcn) (ha 
loUowhig amounla of water: at 0°, 0'S3 part, at la^S, Oil put, at U", 0^ put, 
at 110°, 0D9 part, and, aocording to Xildwi, at m°, OOOIT part, and at 1SS°, (hOElt 

** irt It may be remarked that the black alaio prodnced bj tha redaction ot metaDia 
rilnr diufipeua under the action of a aolntion ot mercocie ohlorlde or ot potaaaiam 
^■ntd*, beeauM theae aalta aot on Snetr.diTided ailtcr, 
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decompose At an JQcipieot red heat ; when caat into sfictcB it b 
employed for cauterisiiig. On further heatings the fused salt aodergoea 
decompositioii, first forming ailver nitrite axxd then matallic silver. 
With amiDOiiia, silver nitrate forms, on evapomtion of the solnUou, 
colourless orystals conUining AgN0|,2HN, (Marjgnac). In gener»t 
the salts of silver, libo cuproDs, cuprio, due, &o. salts, are able to give 
several compouoda with amnionia ; for example, silver nitrate in a dry 
state absorbs three moleonlas (Rose). The ammonia is generallj emily 
expelled from these compounds by the action of heat. 

Nitrate of ulver easily forms double salts like AgN0,2NaN0| and 
AgNOjKNO], Silver nitrate under the action of water and a halogen 
gives nitric acid («e Vol. I. p. 280, formation of N,Os), a halogen salt of 
ailver, and a diver salt of an oxygen acid of the halogen. Thus, for 
example, a solution of chlorine in water, when mixed with a solution of 
silver nitrate, gives silver chloride and chlorata. It is here evident that 
the reaction of the silver nitrate ia identical with the reaction of the 
caiistio alkalis, as the nitric acid is oil set free and the silveroxide only 
reacts in exactly the same way in which aqueous potash acta on free 
chlorine. Henoe the reaction may be expressed in the following 
manner ; 6AgN0, + 3CI, + 3HjO = SAgCl + AgClO, + 6NH0,. 

Silver nitrate, like the nitrates of the alkalis, does not contain auj 
water of crystallisation. Moreover the other salta of silver almost 
always separate out without any water of crystallisation. The silver 
B&lts are further characterised by the fact that they give lutcW 
batic nor add aaits, owing to which the formation of ailver salta 
generally forms the means of determioing the true composition of 
acids— thus, to any acid H,X there corresponds a salt Ag,X — for 
instance, Ag,PO, (Chapter XIX., Note 16). 

Silver gives insoluble and exceedingly stable eumpoun/U initA tii» 
Aaloyeiu, They are obtained by double decompoaitioo with great 
facility whenever a silver salt comes in contact with halc^n salts. 
Solutions of nitrate, sulphate, and all other kindred salts of silver give 
a precipitate of silver chloride or iodide in solutions of chlorides and 
iodides and of the halogen acids, because the halogen salts of silver are 
insoluble both in water " and in other acids. Silver ehloruU, AgCI, is 

B Silnr cUorida la tiaaa parlecUj iDKlnbla in nt«. tml ii •amcohkb- lolDbls i> 
•il« OMiUiaing addiuin nhlorido DcfajdnvhluHii wiiLDr ot)iet ohlarielei. uidiiiuif ulU, 
la MluUon. Tbiu ti \<Xfl, 100 puU of wdei utnntad with Bdium cb)an4> diMetn 
0'« put ot nlnT cUohde. Bromido ud iodidi al lilror un laH »lab1* in Ihii napMi 
■« liiainnsmH to otbv kIvbdU. 11 iluald b* nmukid thU tilvtr cKloriJ* Hualrtt 
in nhililmt of ammonia. polOtiU 
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theo obtained as a white flooculsDt precipitate, silver bromide forms & 
yeUowifih precipitabi, and eilver iodide hat a verj distinct yellow 
colour. These halogea compounds MOietimes occur in nature ; thejr 
•re formed bj a dry method — bj the action of halogen coDipouodi oo 
■ilTer oompounda, especially under the influence of heat. Silver chlo- 
ride easily fuses at 4.^1° on cooling from a molten state ; it foraa 
k somewhat soft horn -I ike masi which can be cut with a knif« 
wnsd ie known aa horn filvcr. It volatilises at a higher teujpera- 
ture. Its ammomocal Gutution. on the evaporation of the ammonia, 
daposita orystBllino chloride of silver, in octahedra. Bromide and 
iodide of silver also appear in forms of the regular system, so that In 
this respect the halogen salts of silver resemble the halogen salta of tho 
alkaJi metals." 

Icnoing •B17 aniUble uumotiiuaJ Daapoiuda. When hMlsd. tlii 
p. ttO, Nou S| etolTo Uui wnnioDiii, u Ihsf alio do aaiai lIh >cti< 

itll pnjHDtlT daichba ; it alw formi 4 Btobl* doobl* mI^ 

Btencj of lbs prccipiUta, ud to ths diSuwisM (n Uw mUm 

•• AgCl (HH Noifl ae). sua uid Ctnj Lm uiT«(«aua 

u imponuH in pbotognphjr, b*i»Dia luliar bttoilla 

aaiu. Thfln ii ilill aacb Id bs diicovend bi thli nipMt. tm« Abaaj 

'.ecllj dr; AgCI pliuwJ in ■ tkhobi in (bs duk ia not in tht leut scMd 

q»D nbcn (abHqiuoIJT eipsHd to light. 

■> Stiver bra-Hide mad lodidr (irhiDb ocoar u tlw muurftli biDmite ud iedite) 
iMwnbEe tLe chlondo io (nuiy reapHitH, but tbe dtgrte ot ftiAnitj of lUTei for iodise ia 
inMerthviUi:!! lDt(iblDrineuidbnimiDe,tlthoiighleHl»it li avolired (m* Nota W Eiu}, 
Daiille dadnovd Ibii iKt (ram ■ iiamb«T of eipirimnt*. Tbna ulnr cbloiida, whsa 
tntitod with fajdriodiD Kid, «voItvb bydrooblorio aoid, u>d fontu vlvaT jodida. Fi&ftlj- 
Aividad lilim eui]; libonlH bjdmgaii whan tisttad iritli faTdiiodis urd ; it pradDoas 
tha ume desanptHitiDn oith fajidranhlono uid. but la * coaiidanblT Um di^na and 
oatj oa tlia aiiTface. Tba diiTenDoa batwaan ulvai chlofda and iodida is aafi^llj 
lamaikftbla, siom tha larmaUoD ol the lonnar ia tltandad vitb ■ graatai ""»— Tftm 
Iban that of Iba lalUt. TbetolanH ol iigCl->>ai ol cbloiiM 37, ol iUih 10, tlw raa 

Uket pUoa, lor tha volume ol A« ia 10, of I 3S, ud of AffI M inalaad ot M (daultr. 
AcCl, I'M 1 Agl. C'S7|. Tba atoma □! Eblonna hate luiilad irith tha aloma of mint 
wiUkoot moving aatmdar, whiltt Ibe atoms of iodioo moat btva movad a^art in 
MOilqoing with tho ailvar. It ia othafwiaa with raapaot to tho metal i tha dirtanfii 
batwaan ita itoma ia tha mBlal-ll, in ailTu chloride - 80, and in lilTai iodid* 
— S-e; baDDe ita itoma hive morvd ■landar DOBaideimbLy in both oaaai. It ia alKtMj 
, that the dontitj of ailver indide incraaaaa with a riia ol 
tioD lahea place whan it ia baitad and an aipanaian wb*q 
nwooolad. 

Id (vdar to atpiajn tha tfaet that in aiUer oomiwunda tha iodida la more atabla ihtf 
tba ohloride and ODde, Prof aeaor N. H. BekaloO, ie hia ' BmwaKliaa oa tha PhaBomoa 
(f BafactitMiona ' (SbartoS, IMS), propoaad tha following original hrpelheai*, *hitib v* 
win give In •Imott tha word* o( the antboi:— Id the oaie ol alnminiom. tha o^da, A1«0|, 
ia BUM MoUe than tha ohlorid*. Al,Cli, and the iodide, Al^ la the oiida tha amoOBt 
«( Iha niatal i* to the uuract d Um tliD*Dt,«ombia*d with it M MS (Al -tit) ktnit, 
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Silver chloride may be deoompoied, with the eeparation of ■ii'vw 
oxide, b; beating it vlth a EoluUon of an alkali, nnd if 

or in the »Uo UB : lOU ; toe tke cUondo iLb ntia ii ^U : IDO ; Tot ttw iodide it - T : IDO 
InUwcuaol Bilvec the ciide luUo-lWD ' 10D| it Un (lible Ibu the oMoiide (ntio 
cSMilUOJ. und thfl iedidB (tutia of thaveighl ot duIaI to Iha weight dI Uu hulogcs 

Tbit Dw^be i)utly siplainsil bj the AllriwlinD ol aimilu molecolei even after Uuir 
hATlDg pftteed into cDmbiuatiDa with othan. This attrAotiaa in proportLOD4l to Hm 
prodaotoT Iha kctisg ioibms. In lilier oilds the allnustion of Ag, tot Ag,Qgililte 
alS^e.Kod theettiectioDol Ag, for O-aiOicie-a.lee, The Attnntion at likeiBole- 
eo]« thos oounlerocti the kttrmction dI the nolilie nulscnk*. The lormer utorallj 
d»a not avcrcDme the laitet, otherniaB tbcie would be n dieraptioD, bot it DstBrthBlee* 
diminiBhee the itabilitj. In ttie lAae of ui eqiukbty or proiimitj of the ma^itade ot 
the combiainK musea, the Utruitioii of the U'Ve p>rl4 will oomitenct the ■tabilit]' ol Uw 
oomponDd to the least extent — in other worda. nith ui ioeqiulity of the eombinBd marrm, 
(he moleouleg hiie u iaclinitioii to retnm (o a,a eUmaoUTT itiite, to deeompou, whieb 
doea not eiiat to *uch aa extent witere the combmed niuiea an eqiul. Ther* it, tfaei*- 
fore, a tendeooj for Urge nusaen to combine with Urge« uid tor emaU maDea lo oombinc 
with amall. HeDes- Ag,0 + 9KI piei K,0 + iAgI. The inflnenca et aa *qiu]itj of 
mauei an the atabilitj ia Men partlcularlj clearly in the eflact of a riu it (ampcratnn. 
Argentio, mercnrio, aorlo and other oiidel compoeed ot luieqad muHi, are aomawhcl 
nadilj decompoaed by beat, whilat the oildea ol the lighter metala (like water) an Dot ao 
nailj deoompoaed b; beaV Silver ohloride and iodide approaeb the condition of 
•qualitj, and are not decompoacd by heat. The moat atabte oxidea undor the action nl 
heat arc Uidm oI nugneainm, calciDm. eilioon, and alnmininm, aitiee the; aleo approadi 
the oond^tion of oquabty , For the aame reaaoa hydriodli; add deoompmea.witb greater 
lacililj than hydrochloric add. Chlorine doea not act on magneiia or aloDiiu, bat it 
acta on lime and eilrer oxide, ±0. Thii ia partially •iplalnad by tba tact that by cob- 
■iderlng heat a« a mode of oiolioa, and knowing tfaat the atomie heats ot the frw ileaunt* 
■re eqnal, it mnal be aoppoaed that the atnaiuit of (be motion ot Uama (their vit viwa) la 
equal, and aa it ia equal to the prodaot of (be maaa (atonue weight) iolo the sqnan id Um 
nlooity, it foUowa that Ibe grealer the comlnning weight tbe amaller will ba tba aqoai* 
ol the velocity, and it the combining weight! be nearly eqoal, then the velodtiee alao will 
be nearly ajoal. Hence tba grealer the diaerenoe between the waighta ol tbe oombinad 
•bona the gieatei will be tbe difference between their lelodtiee. The diflerenoe batwMo 
the relociUea will increase with tbe temparatnra, add tberefon the twnparatare of da- 
oompoaition will be tbe aooner attained tbe greater be the original diJferenee — that ia, 
the greater the diSerenoe ot tbe weigbta of the oombined labitancee. The oeam thest 
weigbta are to each other, the more aualogona Uie mothon of the nnlike atoma, and com- 
aequently, tho mon stable the reultanl oompotoid. 

The inatabiU^ of cnpric chloride aod njtric oiide, the abeence of oompoonda of doivinA 
with oxygen, whilit there are oomponnda of oxygen with chlorise, the greater Mabili^ of 
the oxygen companndi of iodine than thoH ol chlorina, tbe etability of boron nitrida, and 
the inatahihty ot cyanogen, andannmberotBimilariDetano*t,v bete, i odging Iram tbe (boTa 
argument, one would expect (owing lo the eloaaneaa of tbe atomio weighti) a atabililj. 
ahow Ibat BaketotTa addition to tbe mecbaoieal theoiy ot cbetnicaJ pheoomen* i* ilill 
far from aolKcient tor explaining the Irae ralationa of alBnitla*. Nevertheleae, in Ua 
mode «I Bipluning tba relatiTe atabilitiei of mmpoBad*, we find an eiesedingly inlneat- 
ing trMtment of qneeUofla ot primary ImporUoce. Withont incb etIorU it would b* 
Impoe^l^to geoanllaa the comploi data at nipafinuiiitat knowledge. 

Phl«fid»(/iijMr, AgF, la obtained by dia.al.ing AgjO or Ag,CO, in bydrofl Doric add. 
ItdiOaratniB the olbar halogen aalti of ailier ID being totnbU in water (1 part ol aalt in 
O'Mol water). ItcryitallieMlroniitaHitDtion uipnnui,AgFHgO(MarigDac},orAgrsH^ 
[Planndlsr), which loaa their water in Taooo- GOnta (1891). by alectroliaing a tatDrated 
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anbatMtoe be »dded to the alkftli tlie chloride cnn cMdl; ba redocci} to 
meUJlic silver, the ailver oxide l>eing reduced in the oxi^tion of the 
orgimio Habatance. Iron, zinc, and miiny other metals reduce bilvei 
chloride in the presence of wat^r. CuprouB and laercurouB chloride* 
and manj organic Bubstaaces ore also able to reduce the diver from 
ohiorirle of silver. Tliia abowg the rather eos; decompoaafaility of the 
twlogea compoimda of silver^ Silver iodide ia much more stable in thia 
respe<!t than the chloride. The some is alio observed with respect to 
the action of light upon moist AgCl. White silver chloride soon acqniree 
* Tiolet colour when exposed to tlie action of light, and especiallj 
n&der the direct aotioa of the aun'a rvja. Afl«r being acted upon 
' 1)7 light it is no longer entirelj soluble in ammonia, .but leaves 
I Batallio silver undissolved, from which it night he assumed that the 
mction of light ocmsisted in the decomposition of the silver chloride 
Into chlorine and metallic silver and in fact the silver chloride be- 
oomee in time darker and darker. Silver bromide and iodide are much 
more slowly acted on by light, and, according to certain observations, 
irhen pure thef are even quite unacted on ; at least tbey do not change 
in weight," "• so that if they are acted on by light, the change they 
undergo most be one of a change in the structure of their parts and nol 
of decomposition, us it is in silver chloride. The silver chloride under 
the action of light changes in weight, which indicates the formataon of 
a volatile product, and the deposition of metallic silver on dissolving 
in ammonia shows the loss of chlorine. The change does actually 
oocar under the action of light, but the decomposition does not g» J 
'Bs far as into chlorine and silver, but only to the formation of a snb* 1 
chloride of silver, Ag,Cl, which is of a brown colour and is easily d*> I 
oomposed into metallic silver and silver chloride, Ag,Cl = AgC3 + A^ i 
Thia change of the chemical composition and structaro of the halogen I 
■alU of silver uuder the action of light forms the basis of photograpKlhM 
becftuBe the halogen compounds of silver, after having been eiposed to 
light, give a precipitate of finely -divided silver, of a-black oolonr, 
when treated with reducing agents." 

•oJation of Ag]F, obtuned poti/Jluoride af tilver, Ag,P. wbiob ii dsoompciMid bj miw 
into A^F -H Ag. Ilii4l» lormed b; tlu ution oil sttong •ololioa of AgF upon floslj- 
inid*d [pncipiUtcd} tilTer. 

H »• Xbe chuig'i brougbt (boat bj tbe ution of light 
Jiluto-nlU ol liliu. 

B In pbolography thau are oUed ' dsTatopsn,' Tba i 
K4sii<mA ot Farraitd ■ulpbtifl^ pyrogAlIal, famiiB DULUtfs bjdnuijIiLDuiLe, 
fhito, h:r<lrnq<>ii>oi>e (Uis lut uM puticulvl; veil ud ih Terr cotmaient to sv), &e. Tba 
^^fc*"**-*^ pTD«eGefl of phoCognphj tn af giflftt pnictio»] And tlu<orfitiDkl lutofnl ; bat It 
woDldb«u]ipD«nb1ffiii Uiii work toouliVF into LhJBtpflculbruoh of cfa«nuflUT}**biciib»4Ba 
}Btbs«ova[7 little worked ODl Iron k UwotBtilxl inialcf new. Neveitbeloa, m.wiUpMU* 
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Aocanto experimente, and more espeoially the refMinAa af 
Slas at Brussels, ahow the proportion in vhicb silver reaota with 
metallic chlorides. These reEearchea have led to the detenninft- 
tion of the ccmbininy loeighU of Bilrer, sodiom, potasdam, chlorine^ 
bromine, iodine, and other elements, and are distingaiahed for their 
model exactitude, and we will therefore describe them in lome detail 
As sodium chloride is the chloride moat geoerallj used for the pr»- 
dpitattoD of silver, since it can most easily be obtained in a pure atatoi 
we will here cite the quantitative obserrations made b; Stas for show- 
ing the co-relation between the qaantitiea of chloride of •odium and 
silver which react together. In order to obtain porfeotly pnre sodina 



will ba dsposHad la ui sren sodting; Ifaia. indead, fomu 
the vtt rnetlmi. whioh ig moat ofloD D»d id [nvctice, , 
Ditnto In SO to BO ptrta of na.ler, uid miied oilh a cnf 
B cfxnide to ndiMoWe the preoipiUM at tiiit 



nlalion at one put at (ilw 
doot qomntitf of ■ wilirtkn c4 
sjuude fonnfld, ^ttm » dttU 
nuitnr* fiiPMa brichl 



tTMtaa ol drg tiiomng, In 

msmiTj tai sppljing tbc -"—'r"" lo the nulM* ot tfa« obJMtt, $ai Qata n 
the aiHntU7, oflen the great diBad*uibec« of tfae potaoooga mereoij liuiiaa BcaidM 
these, t^BTn la aaolber melhad ot aUrer plating, baaed on the dinwt diaplaMIDS&l df 
■flTei frcm ita e«lta tr^ other metaJ* — for enmplp, bj ooppec. The copper ndncea the 
■Uror from ita compoimda, and tha ailrer Beparat*d ia dopoaited npou th# eopptt. Thai 
a aDlatwD of nittt chloride m Bodimn thiaanlplut« depoBJE* a oOAttae of ailivr Dpoo a 
■ - ■■ ■ Itia 



it acidiiaa valplute ai 
)n. The Utter a " 



ir-plated bj la 



^lia u prapafad by miving i 
adding a aatnrat«l Halqiioa 

ta aolotiona are vary eaailjr deoompoaad 
me deoompoblioD, and iron and absel artidaa 
s of Ihe thioaulpbatsaolatiaiiol ailier (diloiUa. 
uaeea, wppei and tunilat mal^i nujeTen be lilTer-pUled bjmeaoiol ailTer chloiida J 
U (be oUoride al (ilTer, with a amall amonBt oT aoid, ba nbbed apon the ntrlaM of tha 
oopper, tha latter bsoonea eaiated with a coaliDg at allier, which it baa tedaoid. 

^rai plating 1* not oalj applieabla lo metalUe objeeta, but aleo lo glaaa. china, Ao. 
Gtaie ia aUTOvd for Tazioaa porpoaea — for aiampla, flaae globea ailTared inlemallj t^t 
eatatioa, and have a miirond aortaoa. Conunou looking^f la^ a1t<mJ 



to thotfl 



:h it belter than tha ordinary maxcDCT miimn^ oviiy 
u odtonra of the image due to the wbilanaH of the tilnEt. EV optioal ia> 
~]r eiUDpIa, (elaaeopBi— oddw* mirmri an dob made ol silTeiad pliM. 
■hiiJi baa Gnl been gtoood and poUahed into the required lonn. Hie rilnrimg qfflatt 
iibaaadan tbebAttbat^rervbichiarediHied from certain aolaticiiadfpaailaitMllBal- 
fonnl; in a patfgotl; hamoeBDOoaB and owtiaDna bat Tgr; thin l^rar, tmai^ ■ hrij^ 
nAeotlDs aorfaoe. Certain organic anbatoiWH hai« tha propart; ot redaaiag rtlTsr ia tUi 
(om. The beat kno*n among Iheae are eattain aljehydae for inataDoa, etHatlJ 
■evtaldebyda, C]H,0, ubicb eaail; oiidiaBa Id the air and tonga aeatio aoid, C^/}^ 
Thii otidatibu alaoeaailyt^JkeipUcaai thaaipeiLBODlailTflroaid«,wbaQaovtainainc4ui 
of ammonia ia added to the tuatoie. The oiida of ailvor givoa op tit osTgeo to Um 
aldab)rdfl, and the ailver reduced from at ia depoaited in a melallio alata ia a nniffrfin 
bright coating. The aans action ii prodBcad bjr a ' 
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chloride, ho took pure rock snlt, containing only a. small qoantity of 
meL^ttsium and cnlclnnt compounds and a small Amount of potassium 
salts. Thia salt was dissolved in water, and ilm saturated solution 
evaporated by boiling. The sodium chloride separated out during the 
boiling, and the mother liquor containing the impuritiea was poured 
off. Alcohol of 60 p.o. strength and platinta chloride 'Were added 
to the resultant salt, in order to precipitate all the potassium and 
& oertnin ptrt of the sodium salts, The resultant alcoholio solution, 
oontainiDg the sodium and platinum chlorides, was then mixed with a 
tolution of pure ammonium chloride In order to remove the platinia 
obloride. After this precipilatioo, the solution was evaporated in a 
platinum retort, and then separate portions of this purified sodium 
chloride were collected as they crystallised. The same salt was pre- 
pay from sodium sulphate, tartrate, nitrato, and from the platino- 
chloride, in order to have sodium chloride prepared by different methods 
And from different sources, and in this manner tea samples of sodium 
ctdoride thus prepared were ponGed and investigated in their relation 
bo silver. After being dried, weighed quantities of all ten samples 
ot sodium chloride were dissolved in water and mixed with a solution 
ia nitrio acid of a weighed quantity of perfectly pure silver. A 
elishtly greater quantity of silver waa taken than would be required 
fM the decomposition of the sodium cMoride, and when, after pour- 
ing in all the eiiver solution, the silver chloride had settled, the 
amount of silver remaining in excess was determined by means of ft 
■clution of sodium cliloride of known atreogtb. This solution of 
■odium chloride wqs added so long as it formed a precipitate, [n thii 
manner Stas determined bow many parts of sodium chloride corre- 
■pond to 100 parts by weight of silver. The result of ten determina- 
tiooB was that for the entire precipitation of 100 parts of silver, 
from 64-2060 to 54 '2093 parts of sodium chloride were required. Tho 
dilTereaco is so inconsiderable that it has no perceptible ioQuence 
on the subsequent calculations, The mean of ten experiments was 
that too parts of silver react with 54-2073 parts of sodium chloride. 
In order to leam from this the relation between the chlorine and 
silver, it was necessary to determine the quantity of chlorine contained in 
64-20T8partsof sodium chloride, or, what is the Bam» thing, the quantity 
of cUorine which combines with 100 pai-ts of silver. For this purpose 
Stas mode a series of observations on the quantity of silver chloride 
obtaJaed from 100 parte of silver. Four syntheses were made by him 
(or this purpose. The first synthesis consisted in the formation of 
nlver chloride by the action of chlorine on silver at a red heat This 
exporiment showed that 100 parta of silver give 132 Stl, 132-843 and 
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1 32'S43 of silver cbloride. The second method consisted in ditKilidMg 
a given quantity of siWer in nitric Bcid and precipitating it bj meuis 
of gaseous hydrochloric ticid pa.ssed over the sarfoce of the liquid ; the 
resultant mass was evaporated id the d&rk to drive off the nitric odd 
and excess of hydrochloric acid, &Dd the remaiaing mlrer chloride wu 
(used first in an atmosphere of hydrochloric acid gas and then in air. 
In this process the silver chloride was not washed, and therefore then 
could be no loss from solution. Two experiments made by this 
method showed that 100 parts of silver give 132-819 aod I3S-646 
pnrls of silver chloride. A third series of determinations was alao 
nade by precipitating a aolation of silver nitrate with a certun 
excess of gaseous hydrochloric acid. The amount of silver chloride 
obtained was altogether 132'848. l*stly, a fourth determination was 
made by precipitating dissolved silver with a solution of ammoniain 
chloride, wlien it was found that a considerable amoont of Eilver 
(0'317C) had passed into Bolation in the washing; for 100 parte 
of silver there was obtained alt^>gether 133*8117 of silver chloride. 
Thus from the mean of seven determinatjoas it appears tJiat 100 
parts of silver give 133*8446 parts of silver chloride — that is, that 
32*8445 parts of chlorine ar^ able to combine with 100 parts of 
silver and with that quantity of sodium which is oontained ia 
54*2076 parts of sodium chloride. Tliese observations show that 
326445 parts of chloriue combine with 100 parts of silver and 
with 21*3633 parts of sodium. From these figures expressing tbe 
relation between the combining weights of chlorine, silver, and (odium, 
it would be possible to determine their atomic weights— that is, Uie 
combining qnantity of those elements with respect to one part by 
weight of hydrogen or 16 parts of oxygen, if there existed a series of 
similarly accurate determinations for the reactions between hydrogen 
or oxygen and one of those elements — chlorine, sodium, or silver. If 
we determine the quantity of silver chloride which is obtained from 
silver chlorate, AgCIO,, we shall know lie relation between the 
combining weights of silver chloride and oxygen, so that, taking the 
quantity of oxygen as a constant magnitudo, we can learn from tbii 
reaction the combining weight of silver chloride, and from the preced- 
ing numbers the combining weights of cblorino and silver. For this 
purpose it was first necessary to obtain pure silver chlorate. This 
gtas did by acting on silver oxide or carbonate-, suspended in water, 
with gaseous obIonae.'° 



in ntcr, ud ■ 



iu taku plug U dnsribcd br sua u rollowa, is ansasM 
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The decomposition of the silver chlorate thus obtained was aciM^m- 
plUhed bf tha action of a solution of sulphurous unhydrido oa 
it. The Bolt was first fused bycftrefully heating it at 213°. The solution 
of sulphurous anhydride used was one saturated at 0°. Sulphuroui 
Anhydride in dilute solutions is oxidised at the expense of silver 
chlorate, oven at low temperatures, with great ease if the liquid bo 
continually shaken, sulphuric acid and silver chloride being formed : 
AgC103-i-3SO., + 3HaO=AgCl + 3HjSOi. A{t«r decomposition, the 
resultant liquid was evaporated, and the i-esidue of silver chloride 
weighed. Thus the process consisted in taking a known weight of 
•ilver chlorate, converting it into silver chloride, and determining 
the weight of the latter. The analysis conducted in this manner gavs 
the following results, which, like the preceding, designate the weight 
in a vacuum calculat«d from the weights obtained in air : In the 
first experiment it appeared that 138'7890 grama of silver chlorato 
gave 103'9795 parts of silver chloride, and in the second experiment 

Ii coDTBited into chlorido, jail M i* Ilia uu* wiih oiida or otboniU ol otaccnri, 
and ttia nter then contiuna. bnid« lb« exceH of clilonna, onlj pare fajpochLorfloa 
ftcid withwit bba laaal trvx of chloric or chloroui acid. U ■ ■traun of flh1arlD4 ba 
pitusd into water cooUioiaii an rxetu of lilear exida or iIlTer cubonBle while tb* 
liqoid is mnliniullj aeiutw), the n»tloD <> tfao nme u the preceding; killer 
chleride uid bjpocUoroui uid un formed, But tliii Kid do«i not long tnasio in ■ frea 
■teta; it grkdoallj uLs oa the filTar oxide and giTOH lilver hTpochlorite, ijT. AgCiO. 
IJ, Alt«r toma lima, the oorrent of chlonna be stopped bat Iba iholdag conliaaodi 
Iba liquid iDies iU chuuteriitio odoar of hypoclilorDai uid. «hlto pnMrriDg iU 
•aergetic decolooriBing property, bqcaoie tbo nlrar hypocblorita which ■■ fonned ia Fuily 
•aloble in water. In the pr«eiK<« ol ui elcoi of ailver piide thli ull coo be kapl far 
Nferal dair* wLtJuiab deoompoittioD, bat it it eicafidingly antUbEa wJien no oiceae of 
oilrer olido or nrbonate ii preuDt. Bo long oa the ulnlion of lilvar bypochtoritu ia 
jhokea op with the ailvar oiide, it pnH ncs iU trampareno; and bteadiiDg properly, 
but directly it ia allowed to itaud, and Iha silver oxide ■ettloa, it becomei rapidly elondy 
and depoutH largo flaica of liltcr Dbtoridc, no that Uie black lU'er oxide which bed 
Hltled becamea oovered with ths whito prscipitata. Tbo Uqnid tkon b<« ill bleaching 
propHtiei aod contoina ailvar ehloiata, ij. AcClOg, in aolnlion, which hu a ilighllr 
•Ikalina reaction, owins to the preHnea ot a unall amofint of diuolred oiido. In Ihi* 
□unnar tbc reactions which ant ct^iHcatirolj acoompUehed may be eiprsiMd bj the 



Hence, Slai giTea the following method for thaptrpantioo of lilrar ehlorala : A ilow 
onrrent of chlorine i* caaied to act on oiide ot ulicr, anipciidcd in water which ia kepi 
in a itale of contiaoal agitation. Tha ahaking ia oonlinavd aft^r the anpply of dilorino 
baa bean atopped, in order that Lha frca hypochlonlBS ucid aboald pus into aOver 
bypochlorite. and the rvBottant aolation of the bjpoohlorilo ia drawn oB tram tba 
aadimeat of tha eaceev of ailvar ovide^ Thia eolation decompowa apontaneoqalj inUi 
ailier ohlorida and chlonte. Tho pnro allTar chloiate. AgClC^i. doea not change andar 
(he action ot light. The aalt ia prepared tot further am by diTinglt in dry ^ratIGO°. 

Blteriag the air through ooltoa wool. anj. paaaiag it overi layer of rad-bot copper odds. 
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that Sfi9-BS8T gramB of chlorate gave 194-445I& graau of 
ohioridp, and after fuaioo 191-4435 grams. The meui result of 

experiments, ooo'verted into percentages, shows that 100 parts of 
ohlorttto contain 71*9205 of silver chloride and 25-0795 parts of oxygen. 
From this it is possible to colcnlate the coinbintng weight of silver 
tililoride, because in the decomposition of silver chlorate there ore 
obtained three atoms of oxygen and one molBCute of silver 
chloride: AgClOjs AgCl -f 30. Taking the weight of on atom 
of oxygen to be 16, we find from the mean result that the equi- 
valent weight of silver chloride is equal to 143-395. Thus if 0=16, 
AgCl=143-396, tiad as the preceding experiments show that direr 
chloride contains 32-6445 parts of chlorine per 100 parts of silver, 
tbe- weight of the atom of silver '^^^ most be 107-94 and that 
of chlorine 55'45 The weight of the at«m of sodiDin is determined 
from the fact that 21-3633 ports of sodium chloride combine wiUi 
S2-B445 porta of chlorine ; consequently Na^23'05. This conclusion, 
arrived at by the analysis of silver chlorate, was verified by meona 
of the analysis of potassiutn chlorate by decompoeicg it by faeftt 
and determimng the weight of the potassium chloride formed, and olad 
by elTecting the same decomposition by igniting the chlorate in a 
stream of hydrochloric acid. The combining weight of potouinm 
chloride was thus determined, and another series of detennination* 
confirmed the relation betweeu chlorine, potassium, and silver, in th« 
some manner as the relation between Bodinm, chlorine^ and silver was 
determined above. Consequently, the combining weights of Bodtun, 
chlorine, and potassium could be deduced by combining these dat* witll 
the aualysis of silver chlorate and the synthesis of silver chloride. Tha 
agreement between the resalta showed that the determinatiooe mods 
by the laat method were perfectly correct, and did not depend in anj 
considerable degree on the methods which were employed in the pr«> 
oeding determinations, as the combining weights of chlorine and silver 
obtained were the same as before. There was naturally a difference, 
but so small a one that it undoubt«dly depended on the errors inciden- 
tal to every process of weighing and experiment. The atomic weight 
of silver was also dStermined by 8tM by means of the Byntheois of 
ailver snlpliide and the analysis of silver snlpbate. The oombining 
weight obtained by this method was 107920. The synthesis of silver 
iodide and the onolyiis of silver iodate gave the figure 107-928, Th* 
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^nthesU of ailv^r bromide with the analyais of silver braiu4te g*ve tha 
figure 107'931. The ejathntia at ailver ohloriHe Mid the analysts of 
diver chlorate gave a mean result of 107937. Hence there h no 
&>ubt that the combining weight of silver is at leftst as much as 107'} 
—greater than 107 -90 and less than 107-95. and probably equal to tha 
meaa = l07'92. Stos determined tha combining weights of man}' other 
elements in this manner, such as lithium, potassiuDu, Bodium, bromine, 
chlorine, iodine, end also nitrogen, for the determination of th« 
•mount of silver nitrate obtained from a given amount of silver 
gives directl; the combining weight of nitrogen. Taking that 
of oxygen as 16, be obtained the following combining weight* 
for these elements ; nitrogen 14*04, silver 107'93, chlorine 3G'46, 
bromine 7995, iodine 12685, lithium 7-02, sodiam 2304, potassium 
39-15. These fignres differ slightly from those which are UBOolljr 
employed in chemical investigations. They moat be regarded as the 
result of the best observations, whilst the figures usually used in 
practical chemistry are only approximate— are, so t« speak, round 
natiibers for the atomic weights which differ so little from the exact 
figure* (for instance, for Ag 108 instead of 107-92, for N» 23 inatead 
of 23-04) that in ordinary determinations and calculations the 
difference falls witttb the limits of experimental error ioseparsble from 
Inch determinations. 

The exhaustive investigations conducted by Stag on the atomto 
veigbts of the above>named elements have great significanoe in 
the solution of the problem as to whether the atomio weights of the 
elements can be eipreaaod in whole numbers if the unit t^iken be tha 
atomic weight of hydrogen. Prout, at the bogiiming of this century, 
Etat«d that this was the cose, and held that the atomic weight* of the 
elements are moltiples pf the atomic weight of hydrogen. The subee. 
quent determinations of Beraelius, Penny, Marchand, Harignnc, Dnmsj, 
ftnd more especially of Stas, proved this coDctasion to be antenable ; 
since a whole seriea of elements proved to have fractional atomic 
weights— for example, chlorine, about 35-5. On account of tbis, 
Harignac and Dumas stated that the atomic wrights of the element* 
are expressed in relation to hydrogen, either bj whole numbers 
or by numbers with simple fractions of the magnitudes { and }. But 
Staa's rvsearchea refute this supposition also. Even between the com- 
bining weight of hydrogen and oxygen, there is not, so far as is jet 
Icnown, that simple relation which is required by Prout't kypothent,*' 

^ lliii bjpoihdtifl. lot the utbbljafanvfti or T«hilKtum of vhidli lo nmaj f—raTrihie 
hkT« bun owlf, i> BicHdiuglj imporluit, and fallj itmmm Uw itUaatian which hM 
baaB giisn to it. lDd«d,ilit tppHndlhatUu UoDUBwiisliHol Ul IbadaantoooalA 
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i^, taking 0:= 16, the atomic weight of hydrogen i« equal not to 1 
to R greater number Bomewhere between 1-0D2 and 1008 or tneAn 

bt eipmued in whole Bamben villi nlcreaae to trdcDggn, or it Ihey U leul prarsd 
be Donunsnaanbls with oDe uiathR. then it coDld be ■Simed with coufidean ' 
ekmcntB) with &11 their divenitj. wen form«d of one mfttarial ooadflniad « groopad tit 
VBfiauB nunnon into the lUble. uid, ubdoc known condAlonB^ □nde«unpoubE« groQps 
irbinh we ctJl Ibe stoma of Ihn etomenM. At &nt it wu mppowl that «U tha elamla 
woie Eothingelwi bntixiiideQMdhjdrogeB, but when i( >[>p«aivd (hut lbs bIoiiuc wai^la 
ct the elemcnta oould not bo ekpreued in wbole Dnmbcn in relotjon to hTdrog«i 
it waa still paa«ibIo to imA^e tha axiitaooe of ft certuc mftteriAT from which both bydr^ 
gan ud all tbo other otemi^nt* were formed. II it ihonld Irknspira that four ttom* at thii 
mftteriftj form an ktom of bydrogen, then tbe atom of chlorine woold prcaeut iUetf ■■ 
oonniting of lia fttoma ol . this (nbaUnce, the weight of whose a,Lain noald be tqaal to 
ITM, But in thia oue the atoma of all Uu eleraenta ihould be «Tpreu«d in ■hot* 
DonibAf* wf th rHpeflt to lb« weight of tho Atom of thia original material. Let u «)[K 
poee Uut the fttonuo weight of tlu» mftterial ie eqiu»l to ejiilyt then ftU the Momie veighia 
■bouUbeeiprenibleinwholeniimbenrelatiTelT to thiiDDil. Thai tha atom of one el*. 

Itirmble. Bat it ii anfficieDt lo glance OTer tha refolta obtained bj Slaa, and to b* 
■eaored of their iuicnru7, oapeciallj for ailirer, in order to entirelx deitrojr, or al leaat 
atrDng1j[indenniiie,thii attractive hTpotheEifl. We mnit therefore rafnaa oar aiaeot to lb* 
doctrine of the building op from a aingle anbstojice of the elamanta known lo na. TIui 
hjpolheaia i* not appported either by an; known tranafonnatioD (tor on* element haa Bars 
bean oonrerted into another eleroeot), or hj tbe commeniarabiUty of the atomic wcigbla 
of the elemente. Although tfashTpotbeaiaof the formation of all the element* from* 
aingle •ubetasco (for whieb Crookea haa SDggested the gun* protfte) ia moal altractira 
initacomprehenaiTeneflH^it can neither bo denied nor accepted for want of aafBcieol datb 
Uarignac endeaToured, however, to overcome Stae's cooclDaiona aa to tha iocommanflo- 
nbililjr oft the atomic weighia b;r anpipoaiug that in hii, aa in the dataiminaliona at (11 
other obaarven. there were onpereelved errori which wen qoite ind^nndent of tb* mode 
of obaarration— lor example, silTar nitrate might be aappoaed to be u ODitable nbManc* 
wbieb ahangea, nnder the beatinga, eraporationa, and other pmnnaaor to wbid) it ia anl^ 
jected in the readioii* lor tbe determination ol the DDDibinlng weight ot silrar. It migbt 
hi Bnppoaed, for iDatanoe, thai ailver nitrate containa aome imponlj which cannot b* 
removed braaf meaai; it might alao b* snppoacd that a portion of Uh) alemantaof th* 
lutriaaeidandiaangBged in the evaporation of tba aolntion of ailvet nitrate (owing to tbe 

■ilrer nitnte, but with a alightlj basic aalt, OT pcrhap* an eicoaa of nitric acid which 
cannot be removed from the Hit. In thia caae the obacryed combining weigfal will net 
refer to an aetdalljr ile&nlle chemical compoond, bat to anma miatm^ for vhicb IhetA 
duel not eliat an; perfactlj oiact combining relaliona Maiignac U|juld> this pvpowtion 
hy the fact Uiat the eonelosions of Slas and other obterven respecting the combining 
wiHghta detemiaed with the gteatasi aiactitnde very neartT sgree with tha [wopositicB 
of the mmmanaanbililj of the atomio weighte— for example, the combiniog weight at 
■Over waa ahown to be ^nal lo lin-SS, so that it ontjr dlSera h; 0'08 from the wbola 
nnDbsr lOS, which ia gasBralij aeeeplad for lilvH. The comblDing weight of ndin* 
proved to bewioal tolM'B6— tbalis,it diflanfromlOTbjD-lS. The Fambiuing weigbia 
of BDdinm, nitngsi, bromine, ehlMine, and lithium are still nearer U> the whole «t mnnd 
Bdmben irbich ara geomllj aawpted. Bol Harignao'a propoiiiion mil bardlj b*M 
oilMau. Indeed If we eipreae the combinfaig walgbla of the alstnenia ilctfrmioad bf 
Slaa m nlaUoD to bjdrDgen, Om appfoabnaliaD of Ibeee weights to whole nomban 
dia^ipeant ba ea naa ou part of bjidregen in nalitf doaa not Hmibine with IS parti of 
oi;gan, bnt with IIM pacta, end tbamfore ws iball obtain, Uhiog H -- 1. not the abov*- 
cilod flgncM, bat lor liliu 1V7'38, for bromine IVM, augsitDdes which ara ttilt fBrlbar 
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1 MS Such k cODcluuoa arrived at by direct experiment cannot but 
to regarded as lisviog greater weight than Frout's supposition 
(hypothesis) that tha atomic weights of the elements are In mnltiple 
pcoportion toe«ch other, whichwonid gi\e reason for iDnniaing (but not 
■nerting) a complexitj of nature in the elements, and their com- 
mon origin from a single primary mat«rial, and for expecting their 
amtiiBJ conversion into each otUer. AH suck ideas and hopei must 






nmavtid from vbolc naniberv^ Be«d» wfaichr 11 Uuigiuo'i propoaition wei« t 
MmUnlBg Vftight of kilvn detarmined by one noflthod-^.y. by Uw iMLiilfnft OJ 
-*'''~*- cwmbinad Bith (ha tjallitmt of lilTir ehlwids^vaiild not tgtta wall v 
fionbiiiiag vaight datannined bj anothor malhod — e.g- by oiaaiii of the &d&1 juh o 
iodila and llw lynlfaeu* at ulfflr iodide. If in oos cu« a baaic a*1t conldbe ob 
Ea UkB otbar oaae an und aall nuglit be obtaiaed. Then tha uiaIjdb of the at 
■«nld give diSannt nanlla fmm that at tb< baaia aalt. Thus Uarignao' 
aaanob aeFva oa a aDpport tor tha TindJeatiDD of Pmnl't hjpotbuiiL 

la coDclDiliin. I thiDk it will doI be out of pUce to dta Ibe foUcwbg panage tron a 
pspn* I nad btfore tha ChamiiuJ Sooiety of London in lUS (Appeudii II.), ntatriug to 
Ibe hjpolheaia d the compleidty of the elama^ta recogniaad in chemibtry. ovinfE ^ t^ 
faat that maoj bare endeavoared to applj tha periodid Liw to the juitiflcation of thia 
kb>a 'dating from a remote anti<]uity. when it waafomidconTemeut lo admit Ibe eKialoBe* 
tl many gode but only one matter. 

'When we tiy to explain the origin of tha Idea of a onujue primary matter, we eaillj 
Inoe that, in the abieace ol dediutiona from eaperiment. it dariru ila origin {mm (he 
■dentifically pbiloaophical attempt at ditoovering aome kind of nnity in the immenai 
direnit} of indiTidiialitle* which we lee sronud. Id cleuical tinwe each a tudenqj 
unld ad; be aatiifiid by oonceplioni about the immaterial world. A* to the malariel 
world, one tiieertan wen campelisd to teaoit to wme bytnth<^>i>, and they adopted lb* 
Uaa ci Daily in Ibe fonnatiTe material, becanae they were not able to at otn the eono^ 
tiai at aoj other poeaiUe nnity in order to oaanect the mullitariiras lelationa of malt«. 
fiaqronding lo the aame Ic^timate DcientiAc tendency, njUoral adenoe baa dianifarvd 
Ihtooghoal tha oniTena a Dnily of plan, a imity ol (oraei, and a onity of msttei -. and 

sailj. But while we admit onity in many thing*, we none the lea* mnit alia eiplaio 
tha indiTidoatity and the apparent diTeraity which wa cannot fail to trace everywhere. 
II waa aaid of old " Oive na a folcmm and it will beawe easy to ditplaoa the earth." 
Go alao we moat aay, ''Give lu aomething that it iadiTidaaliaed, and the apparent 
diranity will b* aaoily DDdarstood." Otherwiae, how ooold nnity raanll in a mnltitDda 

' After a long and paiuitaking reiearch. natnral acienoe haa dlKovered the indirido- 
•liUea of tha '*■"''•-' elementa, and therefore it it now capable, not only of aoolyeinb 
hoi alao at ajnlhaaiiuig ; it can nnd&ratAnd aad griLtp generality and nnity, ae well ae 
Ibe [ndiTidnaJiaed and maltifariuun. The gener^ and imiveraaltLketima and apace, like 
tome and dmUob, vary nnilarmly. The onitoim admit of interpolatigns, isreaJing every 
Ifltemediate phaae ; bat the moItitfldinouB, the individoaJiBed.— inch aa oonelvea, or tha 
ehemical Hlementa, or the membera ol a pecoliar periodic function ol the element*, or 
DaltoD'a multiple proportioaa— is characlariaed iu auother way. We am in it— aide by 
aide with a general connecting principle— leepe, breaks ol oootinoity, pointa wbioli c<cap« 
from the analyaia of (he mGniiely email — an abeeoce of complete ietermediate link*. 
~ ~ and an aniwer to the qaeMion ai to tha canaei of mnllitodca, and while 
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DOW, tliiinka more especially to Stas, be placed id o region fKni of mj 
experimenUl Rupport whatever, sod therefore not subject to the dis* 
oipline of the poidtive data of Bcieuce. 

Among the platinviD metals rathenium, rhodium, &nd pallndintD, 
bf th^ atomic wei^ts and properties, approach silver, just as i 
and ite analogaea (cobalt and nickel) approach copper in ^1 respects. 
Gold stands in exactly the same position in relation to the heavy 
pl&tiDom metals, osmium, irid^nm, and platinum, as copper i 
silver do to the two preceding series. The atomic weight of gold is 
oearlj eqnal to their atomic weights ; '° it is dense like these metals. 
It also gives various grades of oxidation, which are feeble, both in 
a. hatao and an acid sense. Whilst near to osmium, iridium, and pla- 
tinum, gold at the same time is able, liko copper and silver, to form 
compounds which answer to the tjpe UX— that is, oxides of the compo- 
sition R,0. Cuprous chloride, CuCl, silver chloride, AgCI, and anrous 
chloride, AuCl, are substances which are very much alike in their 
phyucal and chemical properties.""'' They are insoluble in water, 
but dissolve in hydrochloric acid and ammonia, in potassium cyanide, 

* It mighl be eipccted Irom the periodic Uw ud (uulogio* with tha Mrio iran, oobkU, 
nieksl, ooppfi, due, tbftt tba utoiniD mighU dI tha clameoU ot Uie win onniiini, 
jridiom, plalinnm, gnld, nwrcDir, vDoId riH in Uii* order, nad nt tbs tin* of tha wtk- 
bliihnient a) the poriodis !■> (lUS), titt dstsmiuuiiiiDi of Beiuliu, Boia, ud olban 
gkn tha lollowiDg TiJaeii lor tha aloiaiii weight! : Oi=!UKI, Ir^lST, Pt^lW. An-IM, 
Hg>-aiW. Tha talUmaat of Iho aipentatiau of Ihs poriodio law f" P'"^ " *^ ">** 
plua by the Ir»b detanniiutiona (Seubert, Qittmar, and Arthur) of tba iLtaiiiic weight a( 
platioDiD. which prored to be DCarl; 1118, i[ 0-IB (u Uarignac, Bnnnar. aad olhan 
pnpou) ; in the lecond place^ bj the Inct that deutart proved that the atomic wdght oi 
Mnuum ii roall^ laaa thas that of platinnra, and appmiimatel; Oe-ltll: and, in tb* 
Utird place, bj the taol that after tha lueelahea ot KrliiB, Thorpe, and Laurie Ibers *ea 
DO donbl Uial the atomiD weight of gold is gniater than that ol pUtinODi— namalf, 

■ '■• Is Chiptar XSH^ Nole 40, we gars the thnnaal daU for certain ol the earn- 
ponnda ol cuppor ol the lype CoXii we will nov oils certain data for the ooprooa 
coDipoaadB of tiie type CuX, which pment an analcg; to tha oorreapoDding eompanibde 
A^X aiid AuX, aoma of which ware inTeetigetad b; Tbonuan in hia ataaaicAl work, 
■ ThanaochaoiiBcbe UnMnDchnngea ' {VoL iii., 1S6S). The data en given in Iba *WM 
manner aa in the aboTa-menUonea note : 

K~ Cu Ag Ah 
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■odintD thtosulphate, &c. Just as copper forms a link between the iron 
metaU and zinc, and as silver unitis the light platinuni uctAlBvith 
cadmiuiD, bo also gold presents a tnuisition from the heavy plallnum 
metalH to mercury. Copper gives suJine compounds of the types CuX 
and CuX], silver ot the type AgX, whilst gold, besides compounds of 
the type AuX, vei-y easily and most frequently forms those of the type 
AuClg. The oompannds of this type frequently pass into those of the 
lower type, just as FtX, passes into PtX,, and the same is observabla 
in the elements wbicb, in their atomic weights, follow gold. Mercury 
gives HgXt and HgX, thallium gives TIX, and TIX, lead give* 
PbX( and PbX,. On the other hand, gold in a qualitative respect 
diiTers from silver and copper in the exSreme eate wit^ which all its com- 
pounds ore reduced to metal by many means. This is not only accom- 
pliabed by many reducing Agents, but also by the action of heat. Thua 
iti chlorides and oxides lose their chlorine and oxygen when heated,' 
and, if the temperature bs sufficiently high, these elements are entirely 
expelled and metallic gold alone remains. Its compounds, therefore, 
act as ox-idiaing agents." 

In naiuni gold Occurs in the primary and chiefiytn quartzose tfxkt, 
and especially in quartz veins, oa in the TJrals (at Bere^oQsk), in 
Australia, and in California. The native gold is extracted from these 
rooks by subjecting them to a mechanical treatment consisting of 
emahing and washing.'^"' Nature bos already accomplished a sinjilar 
leg, njlhangli Itiflf mny pmcnt miuy ptriiitK of Kiuiiofff,ar^ 



mora uaily iaoliitri ; thu> C„H„, 

■UBiliTMiinpOflitioa, yet tttcim wilh mnch gnaUr diffioiiltj thin CiB^, una in Ih 

Itmtuslt^a. Gold in iti liigher gr»da of oiidstion, AogOj, pnwenli feeble bMio fn- 
pertw ftnd weikly-daTFloped scid properties, vj tbkl Ltua otide of gold, AngOj, maj bs 
TflfnTBd to thft cIku of fneble >£id oidila*, liice pUtioio oxide, Thu ii not the «ae in Iba 
highsrt known oiideg ol copper nod lilrer. Bat in the lower gmde of raidetiani *iini«t 
ovida, AdgOi gold, like bUtdt end oapper, preeeate beeia propertiee, dthongh Lhey art 
not Tei7 pTonaanced, In Itiia reipeet it iteBdi Tetr does in ita pnipertiBii. aJtbongh 
B ita tjpea of cambiuiaoD (AoX ud AoX^, to pUtinan (PtX, and PtX,) nnd iK 



ntedb} 



riatici ol gold and iti comiioiuida bftie not b«ai 
J) tbe tmal thk( very few reuuvhee hnve been 
metal, owing to iw inKoeHibililr lor workiBg 
b large quntitiea. As the Uomio waighl of gold ia high (Ao-tCITt, the preparatiou of 
ita eompanDd* reqnirpi that it aboDld be taken in luge qowititin, whiab forma an 
DkMade to ita being fully studied. Hence the facta oanceming the hiatory of thia ouAal 
m nralj dialingiiiab«l by that eiactitndo with wbicb many tanU hare b«en eitaUlahefl 
NBieemiBg other BlemEnts more acceiiaible, and long known in nae. 

">^ Bonatadt (1673) ahoved that aea water, beaidea ailrer. alwayi onnlaiin gold. 
H^atar (isei) ifaowed that tbe wster ot tbe Norwegiui Sor^ eentaina abont S milU- 
pwMOf gold par ton (ot SmUliardthi) — i.e a quantity dcHrring practical allanlion.aad 
I Ihink it may be already aaid that, oonaidering tbe immeuonbla anunnt ol sea water, 
Ib time meana will be dieoareted (ot tirofltabtT MtiaatiDg gold froD tea «*t«T bj 
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disintegration ol the hard rocky matter containing gold.*" TlieM dia< 
int^rated rock% wa«hed by rain and other water, have formed gold- 
bearing deposite, which are known as alluvial gold deposili. Gold- 
beSiricg soil is sometimes met wilii on thn surface and sometimes under 

brmging it IdIo coDl»ct with lahituiaBB apabia of depoaLlin^ gold npon Iheir ■vrfuw. 
Tha fint eSorta mighl In mulu upon tba utnction ol ull Inm usb wiUi, ud u tha 
toUl Mnouot ot iM omtn nuy be Ikken M kbonl 8,000,000,000.000,000,000 Ion I, it (allowa 
t!ut it cctDtAuuftboat 10,000 million Vmi at £o!d. Tha jbvI j pndDotiin of gold ii*boat 
MO loDB for Uie wbolo world, ot which nbotit oos qtwrtw ii aitiutid in Rauia. Il it 
inppotod thnt gold i> diHMilvfd id neswiter owing to the pnaum ol iodidw, which, ondar 
the ictioa ol uiioul orKUUiinB, jield Irse ialins. It i* tbooght (u Pnlruor Kaoon- 
■off mcnlionn in his walk upon 'Tba IndUHtrica of (he Cnited fiUlei,' isat) Uul 
iodina facilitMea tha aolDtion of th« gold, Aod ttie orguila DU-ttar ita praoipitAtion. 
Theaa ItLcta ind ootiaideistiaiu la ■ DertuD eitent uplun tha diiltihutiou of gold m 
vaini or rotk Suuna, chiefly filled with qnuli, becioia Uiste ii lulScieiit rcnnia lor 

qnontlrWilkintoo, ibowedlhsl orgnnic mallar~for initiuiiMi. eoik — ud pyrilei anibla 
to pncipilate gold from ita aalutioni in Uut mstallio fotiD uid (tela Id whieh it oeenn 
in qouti Teina, where (eipacially in the daapef puti ol rein dapoaita) geld ii Inqasattj 
loDiid OD the idiIks ot pjrites, chiaflf uaanieal pyiiMa. KwntaaS (id EkatwiDborg, 
IWl) ateJi anppoaai, from the diitribatioa of the gold id thate pjritea, that it ixynured 
Id aolution b« » compoond af attlphide of gold and aolplude of uvanie when it peiKtnted 
into the nini. It ii fma lach ooniidentiona tint tha origin ol rein aod pyritio gold 
II. at the preaent time, Kttrihutad to tha reutioD of KilDtioDa ol thia metal, tha lemain* 
of which ue aeea in lbs gold itill pment in laa matai, 

"• HooBVer, in reoeot limea, eapeaiiJljf linee alJOat 1S70, whsndil«ine (either u a 
ioIotioDef the gmcor aa hleacbiDgpowder) and bromine began to be applied (o theetlno< 
tioa ol Bnel^-divided gold from poor ores (previonaly rDeat«d in rirder to drira off arwnio 
%txA anlpiiur. uid oxidiae the jn]n|, the extraction of gold froaa qoarta and pyritaa, 
by the wet method, inenasaa tune year to year, aod begina to eqnal ths aoKHiDl 
extracted from klliiTial depoaita. Since tha niogtiea Uw e]ianide procea (Chaptaf 
3UIL, NdM is t»9| baa taken ao important place anioog tba wM Ensthod* loi 
oitrMting gold tiom ita orca. It conaiala in ponring a dilute aolulion of cyanide of poUa- 
aiojd (aboal tOO parU of waWr and 1 to t paria of cyanide of potaHiam par 1,000 parla 

of it wiUi NaCN, (>M Chapter XIII^ Note IS) OTn the cmahed oia (vhieh need not b« 
loaited, whilst roaating il indiipeniable in tba obloruiatioo prooaiB, aa olberwiea Iba 
ahlorine ii Died np in oiidiaing the BDlpbar, aiHDie, Ao.) Tbt gold ia diMolired 
IBiy ra^y eron from pyritoa, whore it generally oooon on Iba aoiface io aqeli 
One and adherunl partjclea that it either canDOt be meohanioaJly waabad away, or, 
e Ireqaently i# carried away by the itrcam ol water, and caanot bo caugbt by 



I by U 



1 lor catthiDg Ihn g 



ChlarinatioD had already giren the poaaibility of eitracling the fineal partidea of gold; 
bol the cyafljda prooeaa enablaa aocb pyritea to be treated aa covld be Mvrcely workad 
fay atb« mwuii. The trsatment ol the cnuhod ore by the KCN ia cwried on in liupl* 
wocdCB rata (ooaled with panUlD ottar) wilfa Ibe greatest poiaihlo rapidity (in order Ibai 
Iba KCN aolatioD ahoDld Dst ha** lime to change) by a metliod ol ayitriualio liiirialiai, 
iadiaMO^Iel«dinI0lal9hoDr>. The r«D]l<>staolDtiaaalgald.iiuntain>ng&aK(Ctir)„ 
la desompaaed eilbar wilb Cmhly-nude rac Sling* (bnl when the gold lettlea oo Iba 
2d. tba oyanida anlotion reanta apon Ihe Zb with tba aTolDlioa nl H, ami to 
ZdBM " l>T wdiuD amalgam prepared at Ibe moraanl of raadion by the a 
alectrio ontreDl apoD a aolDUon □( NaHO pou^ into a rtaeal partially in 
owMiry (tba NaCN ia renewed ooutioBally I^ tbi* meau). The ailrei in the 
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the upper soil, but more frequently along the banks of driefl-Up Tatar- 
coureea and running Btreams. The sand of many rivers contains, 
however, a very small amount of gold, which it is not profitable to 
work ; for example, that of Ihe Alpine rivers contains 5 parts of gold 
in 10,000,000 parta of saiid. The richest gold deposits are those of 
Siberia, especially in the southpm parts of the Government of Yeniseisk, 
the South Urals, Mexico, California, South Africa, and Australia, 
and then the comparatively poorer alluvial deposits of many conntriea 
(Hungary, the Alpa, and Spain ia Europe). The extraction of the 
gold from alluvial deposits is bailed on the principle of levigation ; the 
earth is washed, while conKantly ngitated, by a stream of water, 
which carries away the lighter portion of the earth, and leaves the 
coarser particles of the rock and heavier particles of the gold, together 
with certain substances which accompany it, in the wasbtug apparatus. 
^8 extraction of this waiJied gold only necessitatca mechanical ap- 
pliances," and it is not therefore surprising that gold wus known to 
Mvages and in the most remote period of history. It sometimes occurs 
in crystals belonging to the regular system, but in the majority of coses 

*i Bat the p*Tiicl«ol ^1d,u« lomelime* loamAll thftt Alu^amDijtil j»l»l duiQg 
tha wuhing. Ih ifl ihea ptofitable to hbve raoooitQ to tha extAflljai] b; chlc>riij« ud 
KCN (Nal« 90). 

Id spaAking of the txirfectihn of gold t1i« FdUowiii^ nnurkm maj bol bo oat of 

Id CalitomU ■drtaUge it Iskan □! w&l«r luppliiid froni high iLllitudai in order to 
hfevo k powerfnl head of vbtor, with which the rocks iiro dirwtl^ wfcahed awjiy, thai 
avaidiiig the gTHtei portion of the mechuiical fAboor nqoind for the eiploitatioa of 

The Uel ctiidaei of gold Kre aoinBtiiDei ettrw^t^ bom wnd by wnhiog Ihnm *ith 
mfifCDTj, wkich diiaolrdt the gold. The tend iniied with vater is ceased lo ooioe into 
oontect TiLh mercury daring Ihu w&flhing. The mereurj ii then diatilted. 

If uij BulphnroDa ores, even prrito* , conUJn e uii&ll ■sumnt of gold. CompOTindii of 
gold with biimmh, BiAn,, teUoiinm, AuTe, (r>alverite), &o., luTe been found, eltbmigh 

AjDong themjner^e which ■«jDm|Mkny gold, end from which the praeence of gold iraj 
bo upected, we tn*; mootion while qnutc, litunis end mfgoelic iron orei. end >1u the 
tallowing, whish arc of ivar oncnmince : lircoo, topu, gsmet. ud auch hka. The can- 
eentreted gold wuhinga fint underga a machenicel Ijeetmenl, end the impure gold 
obtoiiaecl ia treated for pore gold bj varionH mflthoda If tha gold contain e oonndenbtft 
anunnl of foreign metaliK eipecinlljr leed and copper, it ia loinetiniu onpelled, like lilter, 
■0 that the oiidiuble metali maj be abBorbcd b^ Ibc eupel in the ronu of oiidca, bat m 
•TOIT oaie the gold ia obtkinod together with tilvor. h^canee the taller metal alio ia noi 
eildiaed. Somotimea tha gold i» oitracled by meana ol mermijj, that ia. by amalgwna- 
Moa (and the memoiy anbtcqaontly dritsn oB by diitillatian}, or by amelting it with 
bed (which ii efMnraida removed by otidMiOD) and proneBeea like Uioie employed for 
Iha extiution of lilvei, bacanaa gold, tike ailTer, doe* not oiidiae, is diraolved by lead 
end mercory, and ia noa-Tolatili). If copper or any other metal ooctaln gold and it be 
•mplojed aa an aaode, pare copper will b« depoaitad upon the eaUiodo, while all the 
gold will remain at the enoda ea a ilime. Thii method often amply rcpij-t the ohols 
scat of th« prooei^ tine* It girea, beaidea Iha gold, a pore •tucttetyt.e copper 
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in nugget« or graiiis of gre&tcc-or less magnitude. It aIwb;s contains 
silver (from very small quantities up to 30 p.c, when it, is called 
'eleclvum') and certain other metais, among which lend and rhodium 
are sometimes found. 

The separation of the silver from gold is gcnerall^r carried oo with 
great precision, as the presence of the silrer in the gold does not 
increaae it^ value for exchange, and it can be substituted hj other 
less valuable metals, bo that the SKtraction of the silver, as a precioas 
metal, from its alloj with gold, is a, profitable operation. This 
separntion is conducted b; diRerent methods. Sometimes the argenti- 
ferous gold is melted in crucibles, together with a mixture of common 
salt and powdered bricks. The greater portion of the silver is thus 
converted into the chloride, which fuses and is absorbed by the sloga, 
from which it may be extracted by thfi usual methods. The silver ia 
also extracted from gold by treating it with boiling sulphuric acid, 
which does not act on the gold but dissolvea the silver. But if the 
alloy does not contaiu a large proportion of silver it cannot be extnicted 
by this method or at all events the separation will be imperfect, and 
therefore a fresh amount of silver is added (by fuaion) to the gold, in 
such quantity that the alloy contains twice as macb eilvpr as gold. 
The silver which is added is preferably such as contains gold, which is 
very frequently the case. The alloy thus formed is poured in a. thin 
stream into water, by which means it is obtained in a granulated 
form ; it is then boiled with strong sulphuric acid, three parts of 
acid being used to one part of alloy. The sulphuric acid extracts' 
all the silver without acting on the gold. It is best, however, toi' 
pour off the first portion of the acid, which has dissolved the silver, 
and then treat the residue of still imperfectly pure gold with a ftetb 
quantity of sulphuric ouid. The gold is thus obtained in the form 
of powder, which is washed with water until it is quite free from 
Oliver. The silver is precipitated from the solution by means of 
copper, BO that cupric sulphate and metallic silver are obtained. This 
process is carried out in many countries, as in Russia, at the Govern- 
ment mints. 

Gold is generally used alloyed with copper ; since pure gold, 
like pure silver, is very soft, and therefore soon worn away. In 
assaying or determining the amount of pure gold in such an alloy 
it is usual to add silver to the gold in order to make up an alloy 
containing three parts of silver to one of gold (this is known aa 
qusrtatioQ because the alloy contains \ of gold), and the resultant 
alloy is treated with nitric acid. If the silver be not in excess over 
the gold, it is not oU dissolved by the mtricacid, and this is the reason 
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far tbe quarUlion. The ani<)uDt of pure gold lussaf} is determined by 
weighing the gold which reinains after this treatment. English gold 
(=s 22 carats) coinage is composed of an alloy containing 91*66 p.c ol 
gold, but for many articles gold is frequently used containing a larger 
Ktnount of foreign metals. 

Pure gold may be obtained from gold alloys by dissolving in aqua 
regia, and tlieu adding ferrous sulphate to the solution or heating it 
vith a>solation of oiialic acid. These deoxidising agents rednc« the 
gold, but not the other metals. The chlorine combined with tho gold 
then acts like free chlorine. The gold, thus reduced, is precipitated aa 
an exceedingly fine brown powder." ••'* It is then washed with water, 
and fused with nitre or borax. Pure gold reflects a yellow light, and 
in the form of very thin sheets (gold leaf), into which it con ba 
hammered and rolled,^' "' it transraiU a bluiah-green light. The 
specific gravity of gold is about I9'5, the sp. gr. of gold coin ia about 
1T-1. It fuses at 1090"— at abigher temperature than silver — and can 
be drawn into exceedingly 6ne wires or hammered into thin sheets. 
With its softness and ductility, gold is distinguished for its tenacity, 
and a gold wire two millimetres thick breaks only under a load of 68 
kilograms. Gold vaporises even at a furnace heat, and imparts ft 
greonish colour to a flame passing over it in a fumaoe. Gold. alloys 
with copper almost without changing its volume.'* Id ita ebeinical 



» *!• SchotUEudn (isas) Dbtuaed gold i 
bj Ui« dCtioD of ■ mixtan of lolutioni ol cvrium kcabat 
AuCli, Tho gold Hparateg out frora iDoh n Klntian ic 
d«* Ima tba lolalion ol oolloid tilier mentianed i 
ot cerium, CeO„ i 



d (am (Uu) MlDtfaoi is rioM} 
< ud NmBO apon ■ (oIbUob of 
aiutlftlu urns muaar »s Ac 
>YB. ThHTo •Inyi nununi > 
•—it. iho gold is 



reduDod bj coavertiag -tbfl cennm iato * bibber grwip oF o: 
KtIIh uid Hofmuui ihomid Ui>t inlpbide ot gold precipiUM by Ihs ulio 
s tolatioD of AdKCj, miisd Hilb HCl euilj p««ei islo k colloid kIqU* 
propail; wuhBd tlike Aft,Sj, CaS, Ac, Oupior L, Nolo BT), 

>i xi Gold-lenJ u uwd lot gilding cood Hetlher, urdboud, uid (iicblil 
it ii gloed bj meimi of iKcniib, lie.), ud i> ibont O'OOS millimsln thiofc. 
from Ibis >b«'ta (woighing ■( fint $,\ioai 1 sn>. to % oquu** iocb). loUed 
roUon, bj grsdullj lujaiEuiiiag Iheui (in pftcket-t of a number at ddca) Ij 
of noiit [bat Dot vet) pajotunont, ud then, ilbor cDtting thsm inlo foui p 
* ^tKiall; piepued mombniw, wbich, vboa >l the ligbl degree of moiilute, doai not 
teu or (Lick iDgstber onder tbe blowa ol tho hunmar. 

» Tho (omiition of Ihe illoye Cu-r'^n, Cn + So, Co + Bi, Coi-Sb. PbtSb, Ag->Pb, 
Ag + itb, An + Zn. Ao + Sn, Ac, iiHCompuued by ■ coutrsetioii (and OTolDlion of beat). 
Tbo toinutioo of tbg allo^i Fe + Sb, Fe + Pb, Cu-f Pb, FbtSn, Pb+So, Pb + Bb, 
Zn+Bb, Ag + Co. Ao + Ca, Ao + Pb, tAkei plu« iri ■ 
Wilh regard to tbo lUoyn ot gold,* it nuy b« mootioneil Hut gold ii anljr dightlj 
diiulTed by menmiy (ibont O-OO pji., Dudler, ISW); tbo i ' ' 

gnaolu iljDy, whoH oompositioa hu cot bo«n dafiiiiMly dat 
iDioon) itliil bSTS Iha Mpadtj ot fonoing nlloyi vitb gold. Tbg pcHenoa of a imall 
(mount of alomiliiluD lootn Iha melling point of gold conudeHbly (RoberU-Aaiten, 
MM) ; IhDi Iba addition of t p.s. of alomlDlam lovan it by 14°-SS, the akdilion ot 10 p«, 
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aspect, gold presentB. as is atraad; seen from its geaeral diaraet 
ffven &bov«i, an example of the so-called noLle meta 
iDcapable of being oxiijised at any temperature, and its oxiile ia 
decomposad when calcined. Only chlorine and broniae coiubina 
directly with it at the ordinnry temperature, but many other uetala 
ftnd Don-metals coiobiite vith it M a red heat — for citainpic, sulphur, 
phosphorus, and araeuic. Mercury dissolves it with great ease. It 
dissolves in potassium cyanide in the presence of air ; a AilKturo of 
■uiphurio acid with nitric acid dissolves it with the aid of beat, 
Although in small quantity. It is also soluble in aqua regia and in 
selenic acid. Sulphuric, hydrochloric, nitric, and hydrofluoric acide 
and the caustic alkalis do not act on gold, but a mixture of hydro* 
chloric acid with such oxidising agents as evolve chlorine naturally 
dissolves it like aqua regia." '^'. 

As regards the compounds of gold, they belong, as wna said 
above, to the types AuX, and AuX. Auric ddaride or gold tri- 
tlUoTide, AuCI], which is formed when gold ia dissolved in aqua regia, 
belongs to the former and higher of these types. The solution of this 
■ubatance in wat«r has a yellow colour, and jt may be obtained pure by 
evaporating the solution in aqua regia to dryness, but not to the point 
cf decomposition. If the evaporation proceed to the point of crystal- 
lisation, a compound of gold chloride and hydrochloric acid, AuHCl,, ia 
obtained, like the allied compounds of platinum ; bat it easily parts 
with the acid and loaves auric chloride, which fuses into a red-browa 
liquid, and then aolidi6e!< to a crystalline mass. If dry chlorine be 
pissed over gold in powder it forms a minture of aureus and aurio 
chlorides, but the aurous chloride is also decomposed by water into 
gold and auric chloride. Auric chloride crystallises from its solution! 
as AuCl],2HiO, which fssily. loses water, and the dry chloride Iobm 
two-thirds of its chlorine at 185", forming aurous cblonde, whilst 

Al b; 11°'T. The Utter tiXoj ii vhiu. The mOin kahX, hu & diuKtamtic pnipla 
eolour, ud i%a toaltiiig point ii 32°'R i.boTe that of gold, which fthove it to be ft ddflDit« 
eomponnd of the (wo mtilaJi, The melting poinli ot lOtijt riohn in JU gntdoiUj fall 
to eeo'—thil im bc]<nr thtt ol i^uminiBDi (aeG°). 

HffcDck nnd Nsvitle (1893), in ttudjiog the triple iJleji o[ Ad. Cd, ud 6d, otnemd 
ateDdfni<?5 in the gold to ^ta aompoaada with Cd, And b^ ■ealingftmiitoreof Au ft^dCd 
tn * IdIm, from which the «ir lud been cxheuit«d, ud hetting it, thcj obtained n gnj 
etTiUUlDe brittle definile aUot AaCd, 

»»!• CiUdigroa (1691), at the rsquait «i ume iewallers, inrMtigsled the udm o! ■ 
pecoliu lilenlion >oa»tiDie> lound an the igrtiM ol dead-gold articles, Uiens appoaricf 

same lo tlie Mncluion that thne ipoli ue due to the appeannce and denlopDiInt ot 
aniimi (iUper^lui uiger ud Uic 



4 

i 



epeni of which were fdasd in abiuidafloa a 
UdbH'Dkept. 



ID-wool b which lb* gold Hliali* 



COPPER, SILVER, ASD OOU) 



H9 



abova 300° tha Inttcr chloride also loses its ohTorlne and leaves 
nieUtlic golil. Auric cliloride is tlie usual form in whicli gold nccursin 
solutionE, and in which iU snlU are used in the arts and for cheniical 
purposes. It is solable in water, alcohol, and ether. Light has ft reduc- 
ing action on these solutions, and after a time metallic gold is deposited 
upon the sides of vesseb containing the solution. Hydrogen when 
nascent, and even in a gaseous form, reduces gold from this solution 
t« a metallic stale. The reduction is more conveniently and usually 
effected by ferrous sulphate, and in general by the action of ferrous 

T( a Eolution of potasbiiim hydroxide be added to a solution of aurio 
chloride, a precipitate is lirBt formed, wliicli re-diesolves in an excess of 
the alkali. Oa being evaporated under the receiver of an air-pump, 
this solution yields yellow crystals, which present thesame composition 
AS the double salts AuMCI,, with the substitutioD of the chlorine by 
oxygen — that is to say, polassium aurale, AuKO,, is formed in crystald 
containiu;; 3H,0. The solution has a distinctly alkaline reaction. 
Anric oxide, Au,0], separates when this alkaline solution is boiled with 
an excess of sulphuric acid. But it thea still retains some alkali ; how- 
ever, it may be obtained in a pure state as a brown powder by 
dUsolving in nitric acid and diluting with wat^r. The brown powder 
decomposes below 250° into gold and oxygen. It is insoluble in wal«r 
and in many aoids, but it dissolves in alkalis, which shows the acid 
character of this oxide. An hydroxide, Au(OH)_, may be obtained as a 
brown powder by adding magnesium oxide to a solution of auric chlo- 
ride and treating the resultant precipitate of magnesium aurate with 
nilrioocid. This hydroxide loses water at 100°. and gives auric oxide.** 



prsdpitatfl known 



X purple of Cauiut. Ttili aubitaace, which piobBfal; a 

«nd glut. Olatb Kid, on h»ting,rediicc(metidlic ggid from Etaulli.uid Uiii propertj 
nuj h« (ftk«n kdvinUgv oi foi upua^ng it frDoi its floIntioiiL Tho oxidalion which 
then takes placa in tho pnuD» of ivhber maj be tupreetcd by the (oUowing equ»tion : 
1AbC1j.»SC,B,0,^Uii»«HCI'8CO,. Neuly dl Dcganic Bahttuicei h»e ■ tedaciog 
action an gold, and talationa of f[old Iwe ■ tioJnt atiun on Il>e aliin. 

Aado cbloride, like pUllnie chlorids, is digtinguiihed for iU cloulj-defotape^ 
propart]' ot (onning doablo hI(«. TbSH doable bbUi. a< ■ mie, belong to the typa 
AnHCl^ The compooDd ol Hna.cblolida wilb hrdrochlorio Kid moDtioned ibova 
•n'dentlT l>BliHig< Is (he une Ijps. Tbe compoDnda 3KAuCt„SH,0, »>AaCU,^lH,0, 
Ai>Nli.a,.H,0.Ug'ADC1,)„aH,0,uid_lhs like are PkslLj crj'BUUi.ed in wgU.Fcnned 
errit&lt. Wells, Wheeler, ud PeuSeld (laM) obtainod RbAnCI, (ceddisb jellow) ud 
CiAuCI, (golden ^eUow), and correBponding bromidca (cluk coloured). AnBt, i* ei- 
tremolj liko the chloride. Auric cyuiide n obUiiwd eutJj in Lbe form of a doable eidt 
of poUuiBm, KAa(CN),, by miiing attonUsd and Lot eolntiona of polMiinm ojuuda 
will) ftotle chlorids ud Uien eooliig. 

91 If unmonia b* added (a a KilatiaD of Boric chlaride, it fotma a j-eUow precipitata 



4S0 



PRINCIPLES OF CHEMISTRY 




The starting-point of the compounds of the type AoX ** ii fold 
monorfUoride or numu* chloride, AuCI, wliicli \a formed, as mentioned 
above, by heating' auric chloride a.t 185°. AuroQS chloride forms a 
yellowish -white powder ; thia, when heat«d with water, Ib dccompoced 
into metallic gold and auric chloride, which passes into solntioa ■ 
3AuCI = AqCIj + 3 Aa. This decomposition is accelerated by the actiwi 
of light Hence it is obvious that the compounds corresponding with 
onrous oxide are comparatively unstable. But this only refers Uj the 
simple compounds AuX ; some of the complex compounds, on the 
contrary, form the most stable conipoands of gold. Such, for ex- 
Ample, is the cyanide of gold and potassium, AuK(CN)^,. It is fonned, 
for instance, when finely-divided gold dissolves in ths presence of 
air in a solution oi potaKsium cyanide: 4KCK + 2Au + H,O + 
= 2KAu{CN),-|-2KHO (this reaction also proceedj with solid pieces 
of gold, although very slowly). The same compound is farmed in 
solntion when many compounds of gold are mixed with potassium 
cyanide, because if a higher compound of gold be taken, it is reduced 

or Uia ■i>-c4lled tulmintting Eo1d> vblcli eonUdn* ga\3, cblaiino, bjdragcn, nEtrogm, 
Had orygen, bul Iti fommli ia nol Imovii <Htb ceiiniiitj. II ii probtbl; ft urt ot im- 
Tacntio-aeUDia oampcinn<l, Aii,Oi,lIIBi. or amido (like tb« mercorj cosnpaand). Ttiia 
Tn«cL|KUI<! siplddcg t\ 140°, fant vhea Ml in th< p[e»noe of lolutioni amUiniDg ub> 

Aa,O»SNH.^.H,0 b lucrtlxid la it. bnt this i* onccrUin. Auric nlphid*, Ad,S„ i* 
obtkJDBd hj tile KcLioa ot hydroGfln Rplpliidfl on a aolatian ol aoric chloTida, unt dM 
^ireflily by fotifj; vnlphar wjtii ^Id. It hAB an bcid chirutflr, ud tlmnfor* diuoWva 
ID soJiDiri KUd uniaoniuni aalphidvi. 

" Mmiy doable ulti of Boboiide ol gold belong to the type AuX— for ioitanoe, Uw 
iTuiJda Hirroiponding to the type AoKS^ likn PtK J,,inth vhlcb we bacuwecqnaiBtad 
in tlHj lust duplw. We will eiiiinenta teisnl of the npceaeDtaliTe* ol ttiii cUei of 
ccnninanda. II lurlc oblorids, AnCb, b« miind wilh ■ ulation ol •odium thioaolphal*, 
tfan gold panel into ■ coloorlsu •olotioD, nhich depoaili eoloarlcu ecyilalik (on- 
tAJDEng a doabU Uuaanlplutfl of gold and eodjom, whiob are «ulj eolable [a water 
bal are precipiUWd by alcohol. Ths eampoBlioa ol thii aalt la NajAD(3,0|}„aH,a' 
U Ui« •odiom UiiDanlplula be npieienttd aa Na9,0|Na, Ibe dooble «ll in qootioll 
wiU be AuNa(8,0,Ka),.3H|0, aoonding lo Uia type AoNaXr Tbe loliition ot thla 
ooloarleca end eaaily eryilallinbl* uJl hu a iweel Uita. and the gold i> not eeparated 
IiOB It ailbar by lelioaa ffilphala or oicJie acid. Thia aalt. which ia iinown ai Pardai 
and Oitit^i talt, it ued In nudicino .aod photctgraphy In gancral. anroaa oiide 
exhibita a diatiaci inoliaation to the forpmiion at aimilar deublo aatU. aa ve Baw aJao 
with PtX,~Iot eiaopla, it fonsa nnilar aalta with aalphorooa add. Thua if a aolalion 
gI aodinni eulpbite be gtadoallj added to a aalDlioD of oxide of gold in aodidtn 
bjdroxide. the precipitate at firtt form^ rv-diaaoWet lo a coloiirleFi aoloiioii, whiah 
(onlaina ths doobls aalt {IiaAD(S0i)i-ADNa(SO,Na)r Tb* tolatioa of thia hU, 
when mixed with barium chloride, Artt forma a pnoipilate of barium aoIphilA, aod 
then a red barium double utt which comapoada with the abora aDdium salt 

The DiTKGD compound of the type AnX. auniiii oxide, AogO. ia oblaioed aa a gnaniA 
la chloride with potaaaium cUonda in the raid. WItk 
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\>y tlie potassium cyanide into aurous oxide, which dissolves in potas« 
fiium cyanide and forms KAu(CN)2. This substance is soluble in 
water, and gives a colourless solution, which can be kept for a long 
time, and is employed in electro-gilding — that is, for coating other 
metallic objects with a layer of gold, which is deposited if the object 
be connected with the negative pole of a battery and the positive pole 
consist of a gold plate. When an electric current is passed between 
them, the gold from the latter will dissolve, whilst a coating of gold 
from the solution will be deposited on the object. 
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APPENDIX X 



AN ATTEMPT TO APPLY TO CHEMISTRY ONE OP TB 
PRINCIPLES OF NEWTON'S NATURAL PHILOSOPHY 




By PBOPESSOB UEND£L£EFF 



V «1, 1 



IN OP OBEAT DUTAIN 



NlTUBE, inert Hi the eyes of the ancients, has been reve&lad to us u taU of 
Jife and aotivitj. The conviction that motion pervaded oil things, n'h[ah was 
fint realised with respect to the stellar universe, has now extended to the 
nntMn world of atoms. No sooner had the human understanding denied to 
the earth a, Sxed pouitioo and launahed it along its path in ipaoe, than it was 
■ought to fii immovably the sim and the stars. But astronomy has donton- 
stnited that the sun moves with unswerving regularity through the stsT'Sst 
universe at tho ratn of about SO kilometres per second. Among the so.called 
ilxed stars are now discerned manifold changes and various orders of move- 
ment. Light, heat, electricity— like eouud— have been proved to be modea 
of motion ; to the realisation of this fact modem Ecienoe Is indebted for 
powers which have been used with such brilliant succeaa, and which have been 
expounded so clearly at this lecture table by Faraday and by his successors. 
As, ia the iin agination of Dante, (he invisible air became peopled with spiritual 
beings, so before the eyes of eamcst investigators, and especially before thos« 
of Clerk Maxwell, the invisible mass of gases became peopled with particles : 
Uieir rapid movements, their eoUisious, and impacts became so msnifest that 
it seemed almost possible to count the impacts and determine many of 
the peculiarities or laws of their collisions. The &ct of the existence of 
these invisible motions may at once be nude apparent by demonstrating the 
difference in the rale of diffusion through porous bodies of the light and 
rapidly moving atoms of hydrogen and the heavier and more sluggish par. 
ticles of air. Within the masses of liquid and of solid bodies we have been 
foreed to acknowledge the existence at persistent though limited motion of 
tiieir ultimate particles, for otherwise it wonid be impossible to explain, for 
nample, tho celebrated experiments oF Oroham on diffusion through liquid 
ami colloidal sabstouces. It there were, in our times, no belief in the 
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molftcnUr motiDn in solid bodies, tould Ihe famous Spring bave hoped to 
atUuD an; rasult by miiiiig corafulty 'dried powders of potash, saltpelre and 
BodiucD actUte, in order to produce, by pressure, a chemical reaetion botwMi) 
theM suhstonces through the inlerchange or their metals, and have derived, 
for the coDvictioD or tbe incrcduloiu, a mixture of two hygroscopio thoogb 
■olid lalta— sodium nitrate and potassium acetate ? 

In these invisible and apparently chaotic movenienls, reaching from tba 
■tMS to the minutest atoms, there reigns, however, a harmoniouB order which 
it eommonl^ mistaken for complete rest, but which is reaUy a cODseqaence 
of (he coDiervation of that dynamic equilibrium which was first discerned 
by the genius of Newton, and which has been traced by bis sncceisors in the 
dettiled analysis of the particular consequences of the great generaliaatioD, 
Damely, relative immavability in the midst of universal and active movement. 
But the unseea world of chemical changes ii closely analogoua to Uie 
risible world of the hoavecly bodies, since our atoms form distinct portiotu 
of an invisible world, as planets, salellitea, and comets firm distinct portion* 
of tbe BBlronoDier's universe ; oar atoms may therefore be compared to tba 
solar systems, or to the systems of double or of single stars : far example, 
ammonia (NHJ may be represented in tbe Eimplest manner by supposioff 
the son, nitrogen, surrounded by its planets of hydrogen ; and common salt 
(NaCl) may he looked on as a double star formed of sodiom and chlorine. 
Besides, now that tbe indestructibiUty of the elements has been acknow- 
ledged, chemical changes cannot otherwise he explained than as changes of 
motion, and tbe production by chemical reactions of galvanic currents, of 
light, of heat, of pressure, or of steam power, demoostrates visibly that the 
praceseoe of chemical reaction are inevitably connected with enocmoas though 
nnseea displacements, originating in the movements of atoms in molecules. 
Astronomers and natural philosophers, in studying the visible motions of the 
beareoly bodies and of matter on the earth, have -understood and have esU- 
mated tito value of this store of energy. But the chemist has had to pursue 
a oontrary course. Observing in the physical and mechanical phenomena 
which accompany chemical reactions the quantity of energy maoifesled by 
the atoms and molecules, be is constrained to acknowledge that within tba 
molecules there exist atoms In motion, endowed with an energy which, Uka 
matter itself, is neither being created nor capable of being destroyed. There- 
fore, in chemistry, we must seek dynamic eqailibrium not only between the 
molecules, but also in their midst among their component atoms. Many 
condilions of such eqailibrium have berai determined, butmuch remains to ba 
done, and it is not uncommon, even in these days, to find that some chemista 
(itrgct tliat thei'eis tbe possibility of moUon in the interior of molecules, and 
therefore represent them as being in a condition of doath'like inactivity. 

ChomicsJ combinations take place with so much ease and rapidity, 
possess so mauy special charaetcriatics, and arc so numerous, that tbeir sim- 
plicity and order ^-ere for along time hidden from investigators. Sympathy, 
relationship, atl the caprices or all the fuicifulness of human intercotirse, 
teemed to have foand complete analogies in ehamicsl combinations, but with 
Ibis diOWence, that the characteristics of [he material substances — such 
iili (ti for ciimple, or of any other body— remain unchanged in every m 
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dMtitm from the largest maaBes to llie EcnDllaM partielea, and oousequeiitlj 
tbsM ehuncterigtics mint be properties of the paiticles. Bat the world of- 
haavcnly luminej-ieG nppeared equally lauciful M uis>q'b first aci^aaiiilaDce 
With it, so much eo. that the utrologera isiBigineJ a conncctioa betweeD tha 
iudividuolitiei of men and the eonjuncliorieof pliuiets. TbonkB to the geoiiu 
of Lavoisier and of Dalton, man has beeu able, in the unseen world of ehe- 
mical combiDatioDS. to recognise laws of the game wmple order aa tboM 
which Copernieui and Kepler proved to exist in the planetary universe. Man 
diicovered. and continues every hour to discover, uikai remains UDChSDged 
fn chemical evolution, and lioiv chanfjes take place in oombinulions of tlko 
unchangeable. He has learned to predict, not only nhat possible combina- 
tiam may take ptacs, but also the very eiislenceof ntoms of unknown elemen- 
lory HubitonceB, and has besides succeeded in maliinn innuiuerabU praotioal 
applications of his kaonledge to the fcreat advantaga of his race, and haa 
acdniptislied this notwithstanding that notions of sympathy and affinity 
(lilt praurvB a strong vitality in science. A.t present we cannot apply 
Newton's principles to chemialry, because the soil is only being now prepared. 
The invisible world at chemical atoms is still wailing for the creator of che- 
mical meohttnics. For him our Kge is coUecting a mass of maldrials, the 
inductions of well-digested hots, and miuiy-eided inferences similar to tluM* 
which existed for Astronomy and Mechanics in the days of Newton. II is 
well also to remember that Newton devoted much lime to chemical sxperi- 
ments. and while eonaidBring questions of celestial luscbanics, persie'-rnlly 
kept in view the mutual action of thoao inlinitely small worlds which are 
ooDcemed in chemical evolutions. For thii reason, and also to maintain the 
unity of laws, it seems to me that we must, in the first instance, seek to 
harmonise the various phases of contemporary chemical theories with the 
immortal principles of the Newtonian natural philosophy, and so basl«n the 
ftdveni of true chemical mechanics. Let the ebovo considerations serve m 
my justification for the attempt which I propose lo make to act as a champion 
of the universality of the Newtonian principles, which I believe are com-, 
potent to embrace every phenomenon in Ihe unirerso, from the rotation of 
the fixed stars to the inlerchnngca of chemical atoms, 

Xn the first place I consider it indispensable to bear in mind that, up to 
quite recent limes, only a onc-iided affinity bM been recognised in chemical 
Maotions. Thns, for example, from the circumslonce that red-hot trait de- 
composes water with the evolution of hydrogen, it was concluded that oxygen 
had a greater affinity for iron than for hydrogen. But hydrogen, in preseoM 
of red-hot Iron scale, appropriates its oxygen and forms water, whense on 
exactly opposite conclusion may be formed. 

During the last ten years a gradual, scarcely perceptible, but most 
important cbonge has taken place in the views, and eoDsequenlly in the 
researches, of chemists. They have sought everywhere, and have always 
found, systems of conservation or dynamic equilibrium substantially similar 
(0 those which natural philosophers have long since discovered in the visible 
*orld, and in virtue of which the position of the heovenly bodies in Ihs 
noirene is determined. There where one-sided affinities only were at first 
detected, not only secondary or lateral ones have been found, bat even Hum 
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Which are dlunetriull; opixisite ; yet among IheM, dirnunlekl eqmUbrinin 
establishes itBelf not b.v eiclutltng one or olbcr of ths forces, but regulating 
Ihcm all. So the chouliat finds in the flame of iho blast furnsco. in the 
formation of everj' salt, and. nith especisj clearness, in double salts and iu 
ths cr^st^tsation of solutions, not a fight ending in the victory of one aida, 
aa uaetl to be supposed, but tlie conjunetien of forces ; the peace of djoamis 
equilibrium resulciug Etoin the action of many forces and alliniliei. Car- 
booaeeous matters, lot eiampte, burn at the expense of the oxygen of the 
air, yielding a quantity of beat, and forming products of combustion, in 
which it nas thought that the affinities of the oxygen with the combuttible 
elements were saiisGsd. But it ap[.eared that the Ileal of combustion Wm 
competent to dccompoM theee products, to dissociate the oxygen from the 
combustible elements, and therefore t<i explain combustion fully it is neeea- 
aary to take into account the equilibrium between opposite reactions, betweeo 
those which evolve and those which absorb heaL 

In (he same way, in the ease of the solution of common salt in water, it 
is necessary to take into account, on the one hand, the formatibn of compound 
particles generated by the Eombination of salt with water, and, on the other, 
the disintegration or scattering of the new particles formed, at well aa of 
these originaUy contained. At present we find two cunents of thought, 
apparently antagonistic to each other, domina^ng (he study of solutions : 
according to the one, solution seetns a mere act of building up or association ; 
occordinR to tho other, it is only dissociation dt disintegration. The truth 
lies, evidently, between these views ; it lies, as I have endeavoured to prove 
by my investigations into aqueous solutions, in the dynamic equilibrium of 
particles lending to combine and also to lall asunder. The large majority of 
chemical reactions which appeared to aot victoiiuiuly along one line have 
been proved capable of acting as victonously even along an exactly opposite 
line. BUmeota which utterly decline to comhina directly may often be 
formed into comparatively stable compounds by indirect means, as, tor ei- 
ample, in the case of chlorine and carbon ; and consequently the sympathiw 
and antipathies which it was ihoughl to transfer from human relations to 
those of atoms ehould be laid aside until the mechanism of cbeniiesl rela- 
tions is eiplaincd. Let us remember, however, that chlorine, which doM not 
form with carbon tho chloride of carbon, is strongly absorbed, or, as it were, 
dissolved, by corbou, which leads us to suspect incipient chemical action even 
in an external and purely surface contact, and involuntarily gives rise (o 
conceptions of that unity of the forces of nature which bax been to ener- 
getically insisted on by Sir \Villiam Grove and formulated in hia famona 
paradox. Grove noticed (hat platinum, when fused in the oxyhydrogan 
flame, during which operation water is formed, when allowed to drop intd 
water decomposes the lallerandprodacestheexploBiveoiyhydrogen mixture. 
The explanation of this panulox. as of n-any others which arose during the 
period of chemical rensisaonca, has led, in onr time, to tho promulgation by 
Benri Bunte-Ctaira Deville of the conceplion of dissociaiiou and of equili- 
brium, aod has recalled the leaching of BeilhoUet, which, notwithstanding in 
brilliant oouGrmation by Heiniich Rosa and Dr. Gladstone, had not, up la 
Ibat period, b«en included in isceived chemical view*. 
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ChemlcBl equijibrino) in general, and diuocifttion in puticular. are now 
baiag go fuUj worked oul in drtail, aad Bupplied in suoh vuioui ways, IhM I 
do not allude to them lo devulop. but only nee tliem kb Hmmplee by nrhieh 
to iudioate tlio corroctnees of K tendency lo regard chemical combinalioni 
from point! of view dilTeririg from thoae exprea«od by the term hilharto ap- 
proprislod to deGns cbemiciit forces, namelyi ' affinity.* Chemioal equilibria, 
dienxinlioe, tbs gp«ed of chemical reactions, therm ochemiatry, spectroscopy, 
ftod, more than all, the determination of the influeaca of maisea and tbs 
■aarob for a coDDection between the properties and welgblg of atoms and 
moleculee— in one word, the vast maia of the most important chemical re- 
•earchea of the present day- -clearly indicate the near approach of the lime 
when ohemieiJ dootrinea will aubniil fully and completely lo iho doctrina 
which waa Aral annnunceil in the Principal of Newton. 

In order that the application of theae principles may hear fruit it is evi- 
dently inauSlcieDV to aaaume that alatical equilibriiun reigna alone in cbemioal 
ajttema or chemical moleoDles : it ia neceaeary to graap the condiliona of 
pOBNble atatea of dynamical equilibria, and to apply to them kinetic prin- 
dpiea. Nnmeroui conai derations compel us to renounce the idea of statical 
equilibrium in molecules, and the recent yet atrongly-Bupported appeals to 
dynamic principles oonatilute. in roy opinion, the foundation of the modem 
leaching relating to atomicity, or the valency of the etemeata, which uaaalty 
forms the boaia of inveatigaliona into orgauio or carbon compounds. 

This teaching baa led to brilliant eiplanationa of very inanj chemical 
relationa and to casea of ieomerism, or the dilTereDce in the propertiei of 
anbitances having the aame composition. It baa been ao fruitful in its many 
applications and in the foreshadowing of remote consaqoencea. especially 
respecting carbon compounds, that it is imposaible lo deny ila olaims to bs 
ranked as a great achievement of chemical science. Ita practical application 
to the syntheaia of many substances of the most complicated composition 
entering into the alructure o( organised bodies, and to the creation of an un. 
limited number of carbon compounds, among which the colours derived from 
coal tor stand prominently forward, surpaaa the synthetical powers of Nature 
itself. Yet this teaching, aa applied to the atiuctura of carbon compounds, 
li not on the face of it directly applicable to the investigation of other ele- 
menta, because in examining the Rnl It ia possible to assume that the atonu 
of carbon have always a definite and equal number of affinities, whilst in the 
combinations of other elamanta this is evidently inadmissible. Thus, for 
example, an atom of carbon yields only one compound with four atoms of 
hydrogen and one with four atoms of chlorine in the molecule, whilst tha 
atoma of chlorine and hydrogen unite only In the proportions of one to one. 
Siniplieity ia here evident, and forms a point of departure from which it ia 
eaay lo move forward with firm and secure tread. Other elements ore of a 
different nature. PhoEpborus unites with three and with five atoms of 
chlorine, and consequently the simplicity and aharpneai of the application of 
llTUOtural conceptiuns are lost. 8'ilphur unites only with two atoms of 
hydrogen, but with oxygen it eiitera into higher orders of combination. The 
periodic relatlj3nehip which eiiits among all the properties of the elomenta— 
•qch, for eiamplei a« theb ability to enter into varioua combinationa — and 
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ttiMr-Sloinia waiglita, indicate thai this vhuUod in atomiaity ii nifajMl to 
fine perfectly exact aotL general law, uid it is only cocbon and iu dm 
uinlogues which lonslitute caees of peramnently preserved aloinicitj. It i« 
impossilile to recojiniae u constiLnt mid fundamental propertiea of atoms, 
IMwera which, in subBtanie, liive proved to be varittble. But by abaodDiiiDic 
the idea of permanence, and of the constant aatuiaitioD of affinities— that ta 
to say. by acknowledging the powibilily of free affinities— many retain m 
comprehension of the atomicity of the elements ' under given condilions ; ' 
and on ihls frail foundation they buUd up stnictures compoied of chemical 
molecules, evidently only because the conception of manifold athnitiee givea. 
at once, a simple statical method of estimntiDg the compositian of the inoak 
complicated moleculea. 

I shall enter neither into details, nor into the variott» con sequence* foUow- 
log &om these views, nor into the disputes which have sprang up respactin( 
tham (and relating especially to the number of isomerides possible on tlw 
assumption of free affinities), because the foundation or origin of theoiiea ot 
this nature sufleis &om the radical defect of being in opposition to dynamics 
The molecule, as even Laurent exprossed himself, is represented as on archi- 
tectural structure, the style of which is determined by the fundamental 
arrangement of a few atoms, wbikt the decorative details, which are capable 
of being varied by the same forces, are formed by the elements eotering tnla 
the combination. It is on this account that the term ' structural ' is so appro- 
priate to the contemporary views of the above order, and that the ' stme- 
tnralisu ' seek to justify the tetrahedric, plane, or prismatie disposition of 
the atoms of carbon in benzene. It is evident that the coneideration relate* 
to the statical position of atoms and molecules and not to their kinetic re)*' 
tiona. The atoms of the structural type are likothe lifeless pieeee on aohea* 
board: they are endowed but with the voices of Uving being*, and are not 
those living beings themselves ; acting, indeed, according to laws, yet each 
possessed of a store of energy which, in the present state of our knowledga, 
must b« taken into account. 

In the days of HaUy, crystals were considered in the same statical anl 
ttnetural light, but modem crystal] ographers, having become more ibl^ 
roughly acquainted with their physical properties and their actual fbrmalioa, 
have abandoned the earlior views, and have made their doctrines dependent 
OD dynamics. 

The immediate object of this lecture is to show that, starting with 
Newton's third law of motion, it ii possible to preserve to chemistry all tha 
advantages arisiag from stmclnral leaching, without liein<; obliged to build 
np molecules in solid and motionless Ggures, or to ascribe to atoms dsGnito 
limited valencies, directions of cohesion, or af&nitiat. The wide eil«nt of 
the subject obliges me to treat only a small' portion of it, namely ot mbtiilu- 
tioni, without specially considering combinationi and decompositions, and 
even then limiting myself to the simplest eiamples, which, however, will 
throw open proipecti embracing all the natural complexily of chemical rela- 
tion*. For tbii reason, if it should prove possible to form group* similar, for 
«iample, to H, or CH„ as the remnants of molecules CU, or C,H, we 
not pause to consider ibeio, because, as Gu- as we know, they fall 
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two parts, H, ♦ H, or CH, + H„m soon as they are even temporarily funued, 
anil ore incapable of aoparata euBtence, and thecefare caa take no port tn 
the fllemenlMj act of Biibslitution. With reKpact to the Binipleet moIecalaB 
which vie shall select— that is to say, those of whicb the parts have no sepa- 
cMe existence, and therefore cannot appear in Eubatltntions— we shall can- 
■Idei them nccording to the periodic law, arranging ih cm in dirocl dependence 
on the Atomio weight of the elements. 

That, for example, the molecules of the simplest hydrogen componude — 



HP H,0 

byJrofluoHc uid wttri 

COrmpond with elements the atomic 
F = IB. - 19, 



H,N H,C 

unmonfi mgLh> 

eights of which decrease ci 
N r, 14. = 13. 



Keither the arithmetical order (1, 2. 3, 4 atoms of hydrogen) nor the total 
Information we possess respecting the elemcnta will permit tia to interpolate 
Into this typical series one mors additional clement ; and therefore we have 
here, for hydrogen compooncts, a natural haw on which are built np thow 
■imple chemical combinulioijs which we tahe as typical. But uvea they ara 
competent to unite with each other, da wo see, for instance, in the properly 
which hydroSuoric acid has of farming a hydrate — that is, of combining with 
Water ; and a similar attribute of ammonia, resulting in the formation of a 
caoatic alkah. NH„a,0, or KH.OH. 

Having made these indispensable preliminary observations, I may now 
.attack the problem itself and attempt to explain the so-called strueturs or 
•irather construction, of molecules— that is to say. their constitalion and trans- 
.formations — without having recourse to the teaching of ' structuralists,' but 9a 
'Hetvton'a dynamical principles. 

Of Newton's tbroa laws of motion, only the third can be applied directly 
to ebsmirsl molecules when regarded as systems of atoms among which U 
most be aupposed that there exist common inSuences or fareos, and resulting 
corapoonded relative motions. Chemical reactions of every kini are im- 
doubtedly accomplished by changes in these internal movements, respecting 
the nature of which nothing is known at present, but the etisteuce of which 
the mass of evidence coltecled in modern times forces us to acknowledge aa 
forming part of the common motion of the universe, and as a fact liirther 
established by the circumstance that chemical reactions are always charac- 
terised by changes of volunie ftr the relations between the atoms or the 
molecules. Newton's third law. which is applicable to every system, declares 
that, ' action is also associated with reaction, and is equal to it.' The 
brevity of conciaeness of this axiom was, however, rjualiGcd by Newton in- 
a more expanded statement, 'the action of bodies one upon another are 
always equal, and in opposite directions.' Thli simple fact eonstitutei the 
point of departure for explaining dynamic eqnilibriimi— that is to say, eystenns 
of conservancy. It is capable of satisfying even the dualists, and of explain- 
ing, without additional assiunptions, the preservation of those ohemieal types 
which Dumas, Laurent, and Gerhardt created unit types, and those views of 
«tomio combinaUons which the stracturalista express by atomicity or the 
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Toknoy of tbs eletnento, and, in cennactioa with them, the variom n 
of affluiliea. In reality, if a Bjrslam of bIouu or ft molecule be g'ven, then ia 
i(. according u> the third law o( Newton, each portion of atums acta on lh« 
remaining portioo in the same manner, and with the Bame force as thft 
■econd set of uloros acti on Lhe first. We iofer direclly rrom this eonsiiicEa* 
tion Ihat both acts of atoms, forminfi a molecuje, we Dot only eqnivaleul with 
regard to themselves, as they uiuet be according to Dalion'a kw, but also thai 
they may, if imited. replace each other. Let there be a molecule containing 
•torn? A B C, it is clear that, according lo Newlon'e Uiv, the action of A oa 
B C inuEt be equal to the action or U C on A, and iC the lirat action ia directed 
on B C, then the second must be directed on A, and confwquently then, when 
A can exist in dynamio equilibrium, B C may take its pUca and act in a lika 
manner. In the same way the action ofC is ciiual to the action of A B. In 
one word every two bMb oI atoms forming a molecule nre equivalent lo each 
other, and may take each other's place in other molecules, or, having tba 
power of balancing each other, the atoms or Ibeir complements are endowed 
with the power of replacing each other. Let us call this consequence of an 
evident axiom ' the principle of substitution,' and lut uh apply it to Ihoaa 
typical forms of hydrogen compounds which we lla^'e already discussed, nod 
which, on account of their siuiplicity and regularity, have serted oa starting- 
points of chemical argument long belore the appeareiicn of the doctrine g( 
etmclure. 

In the type of hydrofluoric acid, HP, or in systems of double etars, ar« 
included a multitude of the simplest molecules. It will be GuSicient for our 
purpoBO to recall a few : for example, the molecules of chlorine, Cl^ and of 
hydrogen, H,, and hydrochloric acid, HCI, which is famiUar to all in oqueoni 
solution as spirit* of salt, and which has many points of resemblance with 
HV, H Br, HI. tn theee cases division into two }>arts can only be made ia 
one way. and therefore the principle of Gubsliluiion renders it probable that 
exchanges between the chlorine and the hydrogen can take phue, if they ara 
competent to unite with each other. There was a time when no chemiat 
would even admit the idea of any such action ; it was then thought that tba 
power of combination indicated « polar diCerence of the molecules in com- 
binfetion, and this lliought set aside all idea of the substitution of one cojn- 
ponent element by another. 

Thanks to the observalions and experiments of Dumas and Laurent GItj 
years ago, such fallacies were dispelled, and in Ibis manner the prinoipl« 
of substitution was exhibited. Chlorine and bromine acting on many 
hydrogen compounds, occupy immediately the place of their hydrogen, and 
the displaced hydrogen, with another atom of cbtorina or bromine, forma 
hydrochloric acid or bromide of hydrogen. Xbie takes place in all typical 
hydrogen compounds. Thus chlorine acta on this principle on gaaeotia 
hydrogen— reaction, under tbe iofiueuce of li^ht, resulting in the fbrmaticol 
cf bvdroehtoric acid. Chlorine acting on the alkalis, conetitatad Himllarly la 
water, and oven oU water itself — only, however, under the influence of light 
■odonly poittgjly because of the iostabQityofHCIO— forms by this prioeipla 
bleachirg salts, which are tbe some as the alkalis, but with theii hydrogen 
replaced by chlorine. In ammonia and in methane, chlorine can also replaMe I 
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the ^jdroeen. From ammonia is formed in this manner Ibe ta-wUed 
chloride of nitrogen, NCI,, wbioh decooipoBes vary rBsdily wilh violent explo- 
iion on ucFOunt of the evolved gases, and falls asunder as chlorine and 
nitrogen. Out of marsh gas, or methane. CH,. majr be obtained consMD- 
tlvel]'. by this method, every possible substitation, of which chloroform, 
CHCl,. is the best known, and carbon tetrachloride, CCl,, the moat initme- 
tlve. But by virtue of the fact that chlorine and bromine act. in the manner 
abowD, on the simplest typical hydrogen compounds, their action on the 
more complicated ones may be assumed to be the same. This can be easily 
demonMrateil. The hydrogen of benzene. C,H,, reacts feebly under the influ- 
ence of light on liquid bromine, but Oustavaon has shoim that the addition 
cf the dniallcst quantity of metallic aluminium causes energetio action and 
the evolution of large volumes of hydrogen brnmiile. 

It we pais on to the second typical bjdrogec compound— that is to say, 
water— its molecule. H OH, may be split up in two ways: either inloan atom 
of hydrogen and a aemi-molecule of hydrogen peronide. HO, or into oiygen, 
0, and two atomi of hydrogen, H ; and therefore, according to the principle 
of tubatitntion, it is evident that one atom of hydrogen can exchange 
with hydrogen oxide, HO, and two atoms of hydrogen, H, with one atom o( 
oxygen, 0. 

Both tbeie forms of substitution will con' 
that is to say, of the entrance of oiygen ii 
which is BO common in nature aa well as ii 
expense of the oxygen of the air or by the aid of v 
stances or bodies which part easily with their oxygen, ibere ii 
to reckon ap the unlimited nnmbet of cases of sach oxidising ri 
is sufficient to state that in the first of these oxyi^en is directly transferred, 
and the position, the chemical function, which hydrogen originally occupied, 
it, after the substitution, occupied by the hydroxy!. Thus ammonia, NH,, 
yields hydroxylamino, NHj(OH), a snbstance which retains many of the 
properties of ammonia. 

Methane and a number of other hydrocarbons yield, by subatilntlon of 
the hydrogen by its oiide, methyl alcohol. CH,(OH), and other alcohols. The 
aubstitution of one atom of oxygen for two atoms ef hydrogen is equally 
common with hydrogen compounds. By this means alcoholic liquids con- 
taining ethyl alcohol, or spirits of wine, OjH^(OH). are oxidised until they 
beoome vinegar, or acetic acid. C,H]0(OH]. In the same way caustio 
wnmonia, or the combinstionof ammonia with water, NHj.HjO, or NH,(OH), 
which contains a great deal of hydrogen, by oxidation exchanges four aloma 
of hydrogen foe two atoms of oxygen, and becoiues converted into nitric acid, 
KO,(OH), This process of conversion of ammonium salts into saltpetre goes 
on in the Gelds every summer, and with especial rapidity in tropical countries. 
The method by which this is aocompliihed, though complex, though involving 
the agency of all -permeating micro-organism a. is, in substance, the same aa 
that by which alcohol is converted into acetic acid, or glycol, C,H,(OH),, into 
oxalic acid, if we view the process of oxidation in the light of the Newtoolaa 
principles. 

Bot while speaking of the application of the principle of substitution to 
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WKtei, ve need not multiply mstaoces, but must tnm oar attenlioa lo two* 
■pecitJ oircTiEuatuices which are closelj' connecled with the ver; mechuuBiu 
at eohaliiutiaaB, 

la the first place, the replaeement of two aloms of bydrogea by ooe atom 
of oxygen may lalte place ia two ways, because the hydrogen molecule ia 
composed of two oloma, »nd tberclbre, under the iafluenoe of oiygen. the 
molecule forming water may separate before ibe o. gen has time to take its 
^ace. Ii is for this reasoo that we (iod, dnriag the cooversion of alcohol 
into acetio oetd, that there ia an iuten*al during which is formed oldahjrdei 
C,H,0, which, u ita very name implies, ia 'alcohol dehjdrogeDatnm,* or 
alcohol deprived of hydiogeo. Beoce aldehyde combined with hydrogen 
jietda alcohol ; and united to oxygen, acetic acid. 

For the same reaeon there ahoutd be. and there actually are, intermediate 
produela between ammonia and nitrie acid, KO,(HOJ. containing either leu 
bydrogen than ammooia, leea oiyjteo than nitric acid, or lee* water than 
caustie amrooDia. Accordingly we find, among the products of the deoxidft- 
fioD of nitric acid und the oxidation of ammonia, not only faydroxylamiiM, 
bat alao nitrous oxide, nitrous and n'tric aohydridee. Thus, the production 
ol lutrons acid reeults from the removal of two atomi of hydrogen fron 
eanstie ammonia and the (ubstitution of the oxygen for the hydrogen, 
KO(OH) ; or by the Eubstitntion, in ammonia, o( three atoms of hydrogen bj 
hydroiyl, N(OH)„and by the removal of water: N(OH),-H,0»NO(OH). 
The peculiarities and properties ol nitrous acid — •s.for instance, ita action ob 
ammouia and ita conTersioD, by oxidatioc. into nitric add — are thus doadj 
reveutei' 

On the other band, in apeoking of the principlo of nubetitution oa applUl 
to water, it is necessary to observe that hydrogeu and hydroiyt, H and 0H« 
•ra not only competent to unite, but also to form combioationa with then< 
•elves, and thus become H, and H,0, ; and such are hydrogeo and tha 
peroxide thereof. In general, if a tnoleculeAB eiisls, then molecnlB* A A 
and BB con exist also. A direct reacttoD of this kind does not. bowevor. 
take plsrce in water, therefore undoabtedly, at the moment of formation, 
hydrogen reacts on hydrogen peroxide, as wa can show at oooe by 
siperiment; and farther because hydroffen peroxide, H,0„ ethibits m 
.■Iructure oontaining a molecule of hydrogen, H^ and one of oxygen, O,, 
aitber of which is capable of separate existence. The fact, however, m^r 
sow be taken as thorongbly established, that, at the moment of combualion 
«f hydiogeo or of the bydrogen compounds, hydrogen peroxide is olwaja 
formed, and not only so, but In all probability its formation invariably pro- 
cedes the formation ot water. This was lo be expected as a conaeijueace ol 
Ibe law of Avoj^ro and Gerbardt, which leads its to expect this seqiitnM 
in the case of equal inleractioos of volumes of vapours and jiase* ; and in 
l^drogea peroiido we actually have such equal volumes of the eletnentarj 

The instability of hydrogen peroxide— that is to say, the ease with 
-which ii decomposes into water and oiygcn, oven at ibe mere contact of 
porous substances — Mcamta for the circumstanoe that it does not form a pa- 
tnanent product of combustion, and is not produced during the deoompoaiUoa 
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ef wftter. I mft? mtntion tbh additional ooncIdentUoa that, witli leBpecl 
to b;drogen peroxide, «« ma; look for iU effecting atill further aubstitu- 
tiona of hydiogen b; means of which ws may eipeol to obtuiu atill mora 
highly oxidised tvatai compounds, such as H,0, end H,0,. Tbe&e Scbonbeia 
aai BuuBeo have long been seeking, and Berlbelot is inveatigatiDg theia 
At preieat. It U probable, bowever, that the reaction will stop at the 
but compound, because we find that, in a nnmber of cases, tbe addition of 
four ntoiQB of oxygen seoms to form a limit. Thus, OsO,, KCIO., KMnO., 
K,SO,, NojPOj, and such like, represent the highest grades of oxidation.' 

As for tbe Ust forty years, from the time* of Berzehiu, Dunuu, Liebig, 
Oerhardt, WiUiamson, Pronkland, Eolbe, Kekulj, and Butteroff, most theo- 
tetical generalisations havs centred round organic or carbon compounds, 
W8 will, tor the sake of brevity, leave out the discussion ot ammonia deriva- 
tives, notwithstanding their simplioity with respect to the d^trine of lubsti- 
iutions; we wilt dweUmoreeapeciaUy on its application to carl>on compounds, 
•taning from methaoF, CH,, aa the simplest of the hydrocarbons, containing 
in its molecule one atom of carbon. According to tbe princIpleB enumerated 
we may derive from CH, every combination of tlie form CH,X, CH,X,, 
CHX], and CX,, in which Xisan element, or radicle, equivalent to hydrogen — 
tbal is to say, competent to take its place or to combine with it. Such are 
the ehtorine aubstitutos already mentioned, such is woad-epirit. CH,(OH|, in 
which X Is represented by tbe residue ot water, and such are nanieroae other 
carbon derivatives. If we continue, with tbe aid of hydroxy], further sutnti- 
tations ol tbe hydrogen of methane wa shall obtain successively CH,|OH),, 
CH(OH)„ and C(OH),. But if, in proceeding thus, we bear in mind that 
CH,(OI{), contains two bydrcnyls in the same form as hydrogen peroxide, 
HjO.j or (0H).„ contains ihero— and moreover not only in one molecule, but 
together, attached to one and the same atom of cartion— so here we must 
look for the same decomposition as that which we lind in hydrogen peroxide, 
and accompanied also by the formation of water as an independently 
existing molecule ; therefore CII.,(OU), should yield, as it actually does, ini> 
mediately water and the oxide of methylene, CH.,0, which is methane with 

1 BecaoH more llisn foor dtom* of hjdiugen Beyer unita with ons iitain ol the >1«- 
nwnta. t«A bMnun (be hTdiDgen eonpoaiidB (>^. HCI, H,S, HjP, B,SO bIwsts 'arm 
their highfiHt oildca with lour atuma of oiygen. snd u Uie highest [ormi ot ei^si (OsO,, 
BdO,) ktse foDliuB four of o¥7B«i,and si^ht|[nmpH of the poriodio ijitcm, correflpoDdiuf 
to Uu hiehiHl buio oudH B,0, RO, B,0], BO,, BgOj, B0> tt,0,, and RO,, implf the 
above rvUtJoaflhipt uid becauM o( t}ie nesieat shiJogueft among tliq elemeute— sodi as 
Mg.Zo, Cd. andHgiorCr, Ho.W, udD; or Si, Oe, So, and Ft; or F, CI, Br, and I, 
■nd so lortii — not more thui foTiT uv ICDowDt it Booms to me thsl ia these relatioDihips 
iharelief a deep iiit«RSI snd mcuung with regard to chemlcs] mechsnics. Bat beokiue, 

mliislist sjitcni or uDong rhemickl mol«cDleH, IB very sttrsotive. aq>«ial]j becaus the 
atomia teachiDg at onc« sf qoliei its true meuiiDf^, 1 will rvkll the feUowing tacti n- 
Utiog to the w>lBr fljstfliD. There ore eight msjor pWela, el vbich the foar iniMV imcB 
•re not only separated lioat Ibe foor onUr hj aateroidi, but diUFf [rom Ihem in msaj 
wspecl*, u, lor eumple, ia the imsllnew ol theit diunelan and their greslst deosily. 
Baluni with hia ring has eight HtellitcH, Jupiter ud Uranum hi^re euh tenr. It is «!• 
dent that ia Ibe soUt •j'llemi slio we meet willi these blgbst namben foar tad eight 
vhiob appear in the combination of cbcmical molecales. 
•I 
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oxygen subatituted for two fttoma orhjrilroean. Eiactlj in the mfds nunnar 
out of GH(OH)j tre formed water and formio acid, CHO[OE), and oat of 
C(OH)i is produced water an i carbonic acid, or directly carbonio Kuhydrids, 
CO,i which will therefore be □othing else thao methaoe with the doable r»- 
ptaeement of pairs of hydrogen by oxjvgca. As aolhing leads to the aupposi- 
tioa thai the (our atoms of hydrogen in methane differ one from the other, 
to it does not matter by what means we obtnin any one of the eombioatiom 
indicatcd—tbey will be identical; thai is to lay, there will bo no citge of 
Bctoal iBomeriam. althoQgh there may easily be eucb cases of ieoioerisiu u 
have been distinguished by the term metamerism. 

Formic acid, for example, baa two atoms orhydrogea.aneattBahedlottiai 
ouboD left from the methaae, and the other atHched to the oxygen wbieh 
Lae entered in the form of bydroiyl, and if one of them be replaced by some 
■ubstance X it is evident that we ahall obtain so bstances of theeameeompori- 
tion, bat of different constraction, or of different orders of movement among 
tiie ma1eoule«,and there f Lire endowed withotber properties and reaclioni. If 
X be methyl, CH,~that is to say, a groDp capable of repUeing hydrogen 
because it is acti^y contHined with hydrogen in melbsne iloelf— then by 
lubstitaCing this group for the onitinal hydrogen ws obtain acetie acid. 
CCH,0(OH), out of formic, and bysubstitntion of the hydrogen in itaoxideor 
hydroiyl we obtain methyl formate. C&0(OCB,). TbeseBobatanoeadiltBrM 
mnch from each Other physically and chemically thatat Gratught it labardlj 
possible to admit that they cont&iii the same atoms in identically tb» Mma 
proportions. Acetic acid, for example, boils at a higher temperature than 
water, sod baa a higher specific gravity than it, whilst its metamerido. 
methyl formate, is lighter than water, and boila at S0° — that is to say, it 
evaporates very easily. 

Let na now tum to carbon eomponnda containing two atoms of carbon to 
the moleoule, as in acetie acid, and proceed to evolve them from methaoo by 
the principle of snbatitntion. This principle declares at once that methana 
can only be split up in the four following ways:— 

1. Into a group CB, equivalent with H. Let na bM obanges of ihia 
nature methylatioo. 

2. Into a group GH, aod E^ We will call this order of sabatitationa 
methylenation. 

8. Into CH and E,. which eommntatioDs we will call aeetytenotion. 

4. Into C and FI,, which may be called earbonaiJon. 

It is evident that by drocarboii compounds containing two stoma of carbon 
can only proceed from methane, CH„ which contains toui atoms of hydrogeo 
by the Grit three methods of eubatitution ; carbonatioo woold yield free carbon 
if it could take place directly, and if the moleouto of free carbon— which is in 
reality very complex, that la to »ay itropffly polyatomic, as I have long aince 
been proving by various means— could contain only 0, Ulie the molecules 
0„ H,i N„ and so on. 

By melhylation we should evidently obtain from manh gnj, ethane. 

By methylenation— that is. by Eabttilutinit group CH, tor H,— methaoa 
forms etbyiene, CH,CH,-C^. 
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B; »cetylcD«tlcin~^(hat is, by sabatitutin!; thro* ktania of hydrogen, H,, in 

metbsne— by tha remiumt CH, wb g-l acBtyleoe. CHCH - C,H,. 

If WB hiivo npplieii (he pruvciples of Newton corractly, there should not be 
Kny other bydcocarbocs contaminj; two Kboms of carbon in the molecule. 
All these combinatiooB bavB long bean known, and in each of theoi we can 
not odIj produce Iboae eubititntionB of which an eiLample hoe been given in 
the cant of methane, but also all the pbaseB of other Bubititutioua, as we Bhall 
find &Qiu'a tew more inetaoceg, by the aid ol which I (nut that I ihall be 
able to show the great complexity ol those derivativei which, on the princ^jJe 
of BnliBtitntiou, can be obtained from each hydrociuboQ. Let ns content our* 
•elves with the caee of ethane, CH^CH,, and the aubBlltution of the hydrogen 
by hydroiyl. The following are the possible changes; — 

1. CH,CH,<OH) : this ia nothing more (ban spirit of wine, or ethyl 
•leohol, C,H,(OH) ot C^HjO, 

2. CH^OU)CH,(OH) : this is the glycol of WUrt», which ha« ehed so 
tnach light on the history of alcohol. Its isomerlde may be CI1,CH(0H)„ 
but aa we have seen in the case of CH(OH)„ it decomposee. giving off water, 
and forming aldehyde, C[I,CHO, a subetancd capable of yieldioE alcohol by 
uniting with hydrogen, and of yielding acetic acid by uniting with oxygen. 

If glycol, CH,(OH)GR;(OH), loses ite water, it may be seen at once that 
it wm not now yield aldehjao. CH.CHO. but its oromeride, ^^^CH,, ^^^ 
oxide of ethylene. 1 have here indicated in a special manner the otygen 
which hu token the place of two atoms of the hydrogen of ethane token 
from different atonu ol the carbon. 

5. CH,C(OH), decomposed as CH(OE)„ forming water and acetic acid, 
CH/:0(OH). It is erident that this acid is nothing eUe than formia acid, 
CHO(OH). with its hydrogen replaced by malbyl. Without examiuinj; 
(brtber the vail number of poudble derivatives, I will direct yoor attention 
(o the cirenmstance that in disEoIving acetic acid in wstrr wb obtain the 
maiimnm contraction and the grestest viscosity when to the molecule 
CH,CO<OH) is added a molecule ot water, which is the proportion which 
would form the hydrate CH,C(OH),. It is probable that the doubling of 
the molecule of acetic acid at temperBtnree approaching its boiling-point 
has some eonnectitin with this power of uniting with one molecule of 

4. CH,(OH)C(OHt, is evidently an alcoholic acid, and ind«ed this com- 
pound, after losing water, answers to glyoolic add, CM,(0H)CO(OI{). 
Without investigating all the posaible iBomeridcs, we will note only that the 
hydrate CH|OH),CH(OII), has the same composition as CH,(OH)C(OH)y 
and although correKponding to glycol, and.being a symmetrif si anbetance, it 
becomes, on puling with ite nat^r, the aldehyde of oialio acid, or the glyoial 
of Debos, CHOCHO. 

6. CH(OH),C(OB]), from the Isndeney of all the preceding, correspoiid* 
with glyoxylic acid,, an aldehyde acid, CHOC0(0H), because the gronp 
C0(0H1, or carboxyl, enters into the eompodtiana ot organic acids, and th* 
group CHO defines the aldehyde fanction. 

& CtOU),C(OH), through the lose of 2B,0. ^ieUs the bibasio oiali« asil 
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CO(OS)CO(OHl,wiii<!l> genersliy erj-Biallisea with 2H,0, following thus th« 
normal tjpe of hydmlioo eharacteriBlio of olhuic' 

Thus, by Bppljing the priaciplo of aubatinilioii, wo tun. in [he simpUat 
mwineri darive not onJj every kind of hydrocarbon compound, »iich u Iha 
alcohols, the aldehyde-AlcoholB. aldehydes, alcohol' acids, and the acids, but 
kIbo combinations onalogoua to hydrated crj'stals which nauolly are dia- 

But even those imsaturated Bubatancea, of which «thyloiie, CH,CH,, and 
acetylene, CHCH, are types, tnay be evolved with ei^u j aimplicit;. With 
reaped to the phenomena of iaomerism, there are many potGibilitiea amoog 
the hydrocarbon cotnpounda conta'ning two atoma of carbon, emd without 
going into detoila it wilt bo aofficient to indicate that the followb^ formuLe, 
thoagh not identical, will be isomeric aubataatialljr among themaelveal — 
CHjCHX, and CH,XCH,X, allhongh both conlaio C,H,X,; or Ca,CX, and 
CHXCHX, ttlthongh both conlaia C.H.X,, if by X wo indicate chlorine or 
l^nerally an element capable of replacing one atom of hydrogen, or capable 
of uniting with it. To ieomerism of thia kind belongs the cane of atdehydo 
had the oxide of ethylene, to which we have already referred, because bo'h 
have the coinpositioQ C,H,0. 

'What I have s^d appears to me sufficient to show that the prbclpio of 
BubatitutioQ adequately explains the compoaition, the iaomeriam, and all the 
diversity of combination of the hydrocarbons, and I ahall limit the further 
development of theae viowa to preparing a complete liat of every posaible 
hydrocarbon compound containing three atoma of carbon in (be moleoule. 
There are eight in all, of which only five arc knows at pieaent.' 

Among those posaible for C,H, there should be two isomeridoB, propylene 
and trimatbyleue, and they are both already known. For C,H, there ehoold 
bs three isomeridos; allylene and altene are known, but the third has not 
yet been discovered: and for C,H, there should be two isomeridee, though 
neither of them is knowD as yet. Their composition and alruoture are easily 

' One cnorg iBonerids, CH,CH(OH), u potsible— th*t ii, tKonduj vin^l iJcoliel, 
wh^ it nUUd <o etb;t«w, CH,CH„ bat derived by tha principle of aabititatiDii Irom 
CH,. Otbar iuiiiieridea, dI tha compontioD C,B,0, •uch, for exampls. u CCUj(OH), 
a» impoatiblf, beuDH It voold corraipnad with IhebydraeubonCBCHj^CtH,, ohfch 
1> iHuneric with ethjlcne. and il f umot In dsriTcd froDi methuia. IT auch m itomande 
eiiited it vould be diriiad tnno CBsbal *Dcb prodnctt an, gp totho ptBunt, njikDvuB. 
In inch eaiea tha iuulScJenc; ol Iha [loial* of daparlnre of Uia itatical atnctunJ leaeb- 
jog is ahom. II lint admita conilant alomlcltj and tbea njacti it, Iba (acta aarrlng to 
ealtbliali altbar one or (ha other new : and thanloTO it lecms to me that va moit wme 
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e, b? methyUtion, b; methylmiv 
Thii hydra. 
ThU nh- 



itititei from ethaoe, ethylene, ».ai acetyhn 
Hon. tiy acetylenalion ani] by cnrbonation, 

1. C,II, - CHjCH,CH, out of CHjCH, by methyUUen 
eiibon IS oamed propane 

2. CjH, = CHjCHCHj out of CHjCH, by mathyleoiitioi] 
(tance ia propylene 

8. C,H, " CH,CH,CHj oot rf CH,CH, by metbylenntioii. Tba nib. 
etance is trimelbyleDe 

4. C,H, - CH^CCH out of- CH,CHj by aoetylonation or from CHCH by 
roethj'Iation. This liyilrooarbon is named allylene, 
CHCH 



fi. C,H, - ^ 

iDelhyleaatioiii because 

6. C.H, . CH,CCH, 
carbon is named allene. o 
CHCH ^ 



1. C,H, - 

ofCH,CH,byB 

8. C,H, - 
tnethylenation- 



itotCH^CHjliy acetylenatloD, or &ara CU,CH,b7 
i^^ ^ ^^^ This body U as yst unknown. 

■at of CB,CH, by melhylenation. This bydra- 

isO' allylene. 

t of CHjCHj by synunetrical caibonatioD, or out 

crCylenatioa. This compound is unknown. 

^^ out of CH,CH, by oarbonatiou, or out of CHCH by 
Thia compound ia unknown. 

1 mind that (or each hydrocarbon serving as a type in the 
above tables there are a number of corresponding derivatives, and that every 
componnd obtained may. by further methytation, mothylenalion. acetyleua- 
tion. and carbonation. produce new hydrocarbon*, and those may be followed 
by a numei-oua snite of derivatives and an immense number of isomerio 
aubstances, it is possible to nndeistand the limitless number of caibon com. 
pounds, although they all have the one substance, methane, for their origio. 
The number of substances is so enormous ibat it is no loii<;er a question of 
«nlaif^T)g the poaiibilities ut discovery, but rather of Gndtn<{ some means of 
testing them analogous to the well-known two which for a lon}( time have 
■erved »s gauges for alt carbon compounds. 

I refer lo the law of even numbers and to that of limits, the first enunciated 
liy Oerhardt some forty years ago, with respect to hydrocnrhnnB, namely, 
that their molecules always contain an even number of atoms of hyJro;-eD. 
But by the method which I have used of deriving all the hydrocarbons from 
methane, CH,, this law may be deduced an a direct conseijuence of the 
principle of substituUons. Accordingly, in methybtion, CH, takes the place 
of H, and therefore CH, in added. In methylenilion thenumber of atoms of 
bydrogen remains unchanged, and at each acetylenation it is reduced by two, 
And in carbonation by (our. atoms— that ia to say, an even number of atoms 
of hydrogen is always added or removed. And becanse the fundamental 
bydrocarbon, methane, CU., contains an even number of atomi of hydrogen, 
all its derivative hydrocarbons will also contain even numbers of hydrogen, 
and this constitutes the law of even numbers. 

The principleof substitutionseiplains with equal simplicity the conception 
of lbs limiting compositbns o( hydrocarbons C.Uj,.,, which 1 derived, in 
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ISei,' in an empirical maaner &oai acciimulBted materialf 
time, and on the baais □[ the limits to combinations worked < 
land tot othet elements. 

Of all the various sabalitutionB the highest proportloa of hjdro^n ia 
yielded b; metbylation, because ia that operation alooe does the qaantity of 
hydrogen increftsa ; hence, taking methane as a point of depaitura, if we 
imagine melbylation eB'eeted (n - l)tiine we obtain hydrocarbon oom pound* 
containing the highest quantities of hydrogen. It is evident that (hey will 
contain CH, -f (n - 1)CH,, or C,K,- + ,, because methylation leads to the addi- 
tion of CH, to the Gompoand. 

It will thus be aeen that by the principle of substitution— that is l« say, 
by the third law of Newloo— wo are able [o deduce, in the simplest maimer, 
not Qoly the individual composition, the isomoriam, and relations of anb- 
staoces, but also the general laws which govern their most complex combioo- 
tions without having recourse either to statical const rue tioua, to the deAnitian 
of atomicities, to Che oictusion of free affinities, or to the recognition of thon 
aingle. double or treble bonds which are so indispensable to strnctucaliats in tha 
explanation of the composiUon and consCruclion of hydrocarbon eompoanda. 
And yet, by the application of the dynamical priiici[Jes of Newton, we can 
attain to that chief and fuodamental object, the compreben 
in hydrocarbon compounds, and the forecasting of Uie i 
tions as yet onlinown, by which the edifice raised by stnicttira] teaching ia 
atreagtbened and supported. Besides — and I count this far a oi 
n( special importance— the process which I advocate will mate n 
in those special cases which have been already so well worked out, snob aa, 
for example, the isomeriam of the hydrocarbons and alsohols, even to (ha 
extent of not interfering with (he nomeaclature which has been adopted, and 
the structural system will retam all the glory of having worked Dp, in a 
thoroughly scientific manner, the store of information which Oerhardt had 
accumulated about the middle of the GflieB, and the still higher glory of 
establishing the rational synthesis of organic substances. Nothing will be 
lost to the BtrDCtural doctrine except its statical origin ; and as soon as it 
will embrace the dynamic prineiples of Newton, and suSer itself to be guided 
by them, I beheve that we shall attain for chemistry that unity of principle. ' 
which is now wanting. Many an adept will be allracted to that brilliant and 
fiisciuating enterprise, the penetration idIo the unseen world of the kinelio. 
relations of atoms, to the study of which tha last twenty-five years have con- 
tributed so much labour and such high inventive faculties. 

D'AIembert found in mechanics that if inertia be taken to represent forca. 
dynamic equations may be applied to statical questions, which are thereby 
rendered more simple and more easily understood. 

The structural doctrine in chemistry has unconscionsl; followed tha'sama 
oourae, and Ihercforo it* terms are easily adopted ; they may retain their 

prasent forms provided thai a truly dynamical— that is to say, Newtoman 

meaning be ascribed to them. 

Before finishing my task and demouatraUng the possibility of adaptiog 
Euai d'ttoe IhAifio tur lot limiM d« oambiaaiKHU organiqnx.' pai D, HasdnMsff, 
fl/11 oolll ism, BulUlin dt VAcadifnic .'. d. Sc. de St. Piitribourt, L v 
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Btrnetnral doctrine* lo the dynamips of Newton, I consHer it IndispanMble 
In touch □□ one queslicin which Daturallj arises, end which I have beard 
diBcuased more'than once. I( bromine, Uie atom of wbicb U eighty limes 
heavier than that at hyilrogen. tokeg the (ilace of hydrogen, it would leem 
th*t the whole lyBtem of djoamio eijuilibriDm must bo destroyed. 

Without oDtering into the minute analysis of tbii queetion, I thinli it 
will be nifficieot to eiamine it ly the light of two well-koow-n pheDomena, 
cue of which will be found in the department of ohemistry and the other in 
tliftt of celestial mechanica, and both will serve to demonttrate the eiislence 
of that unity in the plan of creation which is a consequence of the Newtonian 
doetrtnes. Eiperiments damoustrale that when a heavy element ia Bubsii- 
tuted foi a light one in a chemical compound— for example, far magnesium, 
in the oiide of thai metal, on atom of mercury, which is 8^ times heavier — 
ibf chief chemical ehafBCl«riBtics or properties are generally, though not 
•I ways, preserved. 

The Bubetitulion of silver for hydrogen, than which it is 109 times heavier, 
does not aOect all the properties of the sabstuice, though it does some. 
Therefore chemical Eubstitutions of this kind— the subalitulion of Lghl for 
benvy atoms—oeed not necessarily entail changes in the original e<|uilibrium ; 
and this point ia still further elucidated by the consideration (hat the periodio 
law indicatea the degree of influence of on increment of weight in the atom 
OS aflecting the posaible equilibria, and also vhat degree of increaso in the 
weight of the atoms reproduces some, though not alt, of the properties of the 
•ubstancB. 

This tendency to repetition — these periods— may be likened to those 
uinuBl or diurnal periods with which we oro so familiar on the earth. Daya 
BJid years follow each other, but, fis they do so. many things change ; and in 
tike manner chemical evolntioni, changes in the masses of the elements, 
permit of much remaining undisturbed, though many properties undergo 
(dteralioo. The system is maintained according to the laws of conservation 
in nature, but the motions are altered in consequence of the change of parts. 

Next, let us take an aslronomieol case — such, for example, as the earth and 
the moon— and let us imagine that the mass of tlie latter ia constantly 
increasing. The question is, what will then occur ? The path of the mocn 
in space is a wave-line similar to that which geometricitns have named epi- 
cycloidal, or the locns of a point in a circle rolling round another circle. But 
in consequence of the influence of the moon it is evident that the path of iha 
earth itself cannot be a geometric eliipBe, even supposing the sun to be Im- 
movably fiied ; it must be an epicydoidal curve, though not very far removed 
from the trne ellipse — that is to say, it will be impressed with bat (aint un- 
dulations. It IB only the common centrs of gravity of the earth and the 
moon which describes a true ellipse round the sun. If the moon were to 
increase, the relative imdulotiona of the earlh'spath would increase in ampli- 
tude, those of the moon would also change, and when the mof s of the moon 
had increased to an equality with that of the earth, the path would consist of 
epicydoidal curves crossing each other, and having opposite phases. But * 
•imilar relation ousts between the sun and the earth, because Ihe former ia 
klao moving in space. We may apply these views to the world of atoms, ani 
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•opfXMd thai in their moremcnts, when hemwj ones take the piece of tboes 
that are lig^iter, smilar changes take place, prorided that the iifiteni or the 
molecole is preserved throoghoat the eiiaoge. 

It seems probable that in the heaTenly systems, during ineakidable 
astronomical periods, changes hare taken place and are still going on similar 
tor those which pass n^pidly before oar eyes during the chemical reaction of 
moleeoles, and the progress of molectilar mechanics may — we 1m^ will — in 
course of time permit ns to explain those chaoges in the stellar world which 
have more than once been noticed by astronomers, and which are now so 
carefolly stndied. A coming Newton will discover the laws of these changes. 
Those laws, when applied to chemistry, may exhibit pecoliarities, but t hese 
win certainly be mere satiations on the grand harmonions theme which 
reigns in nature. The discovery of the laws which prodnee this harmony in 
chemical evolotion will only be possible, it seems to me, nnder the banner 
of Newtonian dynamics, which has so long waved over the domains of 
mechanics, astronomy, and physics. In calling chemists to take theiz stand 
under its peaceful and catholic shadow I imagine that I am aiding in estah- 
lishing that scientific union which the managers of the Boyal Institution 
wish to eflect, who have shown their desire to do so by the flattering invita- 
tion which has given me~a Bcssian — the opportunity of laying before the 
countrymen of Newton an attempt to apply to chemistry one of his immortal 
principles. 
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THE PERIODIC LAW OF THE CHEMICAL ELEMENTS 
By professor MESDELEEFF 



The high honour bsslowed by the Chemical Society in inviting me to pajr ft 
tributa to the world-fa Qied n&tae of FantJay by delivering this lecture haa 
indaccd me to take for ita subject tbe Periodio Law of the Element*— this 
being a generalisation in chemistry which haa ot late attracted much 
attentiun. 

While scieoce is pursuing a steady onward movement, it is convenient 
tram tioio to time to cast a glance back on the route already traversed, and 
especially to consider the new conceptions which aim at discovering the 
general meaning of the stock of tacts accumulated from day to day in our 
laboratories. Owing to the possession of laboratories, modern si ' 
bean a new character, quite unknown, not only to antiquity, but c^ 
preceding century. Bacon's and Descartes' idea of submitting tbnmechaniam 
ofeclence siiDultaneously to experiment and reasoning has been fully realised 
ID the case of chemistry, it having became not only possible but always 
customary to experiment. Under the all. penetrating control of experiment, 
ft new theory, even if crude, is luiokly strengthened, provided it be founded 
on a auflicient basis : the asperities are removed, it is amended by degrees, 
and soon losen the phantom light of a shadowy form or ol one founded on 
mere prejudice ; it is able to lead to logical conclusions, and to submit to ex- 
perimental proof. Willingly or not, in science we all must submit not to what 
seems to us allraetive from one point of view or from another, but to what 
represents an agreement bctwern theory and experiment : in other words, lo 
dcmonttraled generalisation anil to the approved experiment. la it long 
aince many refused to accept the generalisations involved in the law of Avo- 
gadro and Ampere, so widely extended by Gerbardt 7 We gtiti may hear the 
voices of its opponents: they eqjoy perfect freedom, bnt vainly will their 
Tolcea rise so long as they do not use the language of demonstrated tscta 
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The itriking olifervaliona witb the spectroBcope which tuTe pettnitted 
luialjBe the chemical conEtituCioQ of distaDt worlds, seemed, at firal, appli- 
cable to the task of deteroiiiiiog the n&tureof the aloma themBelveei but the 
wockiag out of the idea io (be taboFator; soon demonstrated that tbe chatac- 
teiB of spectra are delennined, not directly bj the atoms, but hy tbe mote- 
coles into which the atoms are packed ; and so it became evideol that mora 
verified facte uiast be collected before it will be possible to formulate new 
geueralisatioDB capable of bUcing their place beside those ordinary ones based 
upon the cooceptioa of simple substaaces and atoms. But as theahade of tlw 
leaves and roots of livinf; plants, together with the rehcs of a deeajed vege- 
tatioD, favour the growth of the seedling and servo to promote it* lumrioiu 
development, in like manner sound gcDeralisations — together with the relic* 
of those which have proved to be unteiuibia — promote Ecientifie produetivilj, 
ahd ensure the luxurioas growth of science under the inSuence of raji ema- 
nating from tbe centres of scJentifio energy. Such centres are seientifio 
asBociationa and societies. Before one of the oldest and most powerM of 
these I am about lo take the liberty of passing in review the twenty yean' life 
of a gBDeralisation which is known under the name of tbe Periodic Law. It 
was in March 1369 that I veotored to lay before the then youthful RassiaD 
Chemical Society the ideas apon tbe same subject which I bad expressed in 
my just written ' Prinoiplea ofCheuuBtry.' 

Without entering into detftil*, I vill giv« the coDclusiona 1 then Mrivsd 
M in the vary words I UMd :— 

'I. Tbe elements, if arranged according to their atomic weights, exhibit 

an evident periodicity of properties. 

' 2, Etementa which are simiUi as regards their chemical propertin bava 
atomio weights which are either of neaj-ly the same value {e.g. platiniuD, 
iridiom, osmium) or wbieb iaereaM regnlarly (e.g. potasaium, rabidinm, 

' 3. The arrangement of the elements, or of group* of elements, in the 
order of their aton:itc weights, corresponds to their so-called vaUiuia as well 
as, to some e^itent, to their distinctive chemical properties— as is apparent. 
among other series, in that of lithium, beryUium, barium, carbon, nitrogen, 
oxygen, and iron. 

* 4. Tbe elenienU which ue the moit widely diffiised have rmall ktomie 
weights. 

' S. The magnitude at tbe atomic weight determiues tbe charactot of lb* 
element, just as the magnitude of the molecole determines the cbaraotar of 



' 0. Wo must expect the discovery of many yet iminoim elementa — for 
example, elomente analogous to aJuminimn v^ ailicoo, whose atomic weight 
would be between 65 and 75. 

' 7. The atomic weight of an element may sometimes bi amended by • 
knowledge of those of the oontiguou* element*. Thus, the atomic weight Ol 
tellurium must Uo between 123 and 120, and cannot be 128. 

■ 8. Oert&in eharMteriitio propertiB* of tbe elamenU can be tsretold from 
their otomia wei^ta. 
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■The aim of Uiia eonuBunicatiou will ba fully aUained if 1 meceed In 
drawinf; tho attention of Javcetigators to those retationa wbich exist between 
the atoQiio weights of dJEsimikr elementa. ublch, so far as I hnow, have 
hitherto been nlmosl completely neglected. I believe that the salution of 
MQie of the moEl important problems ol our science ties in researches of thii 
kind.' 

To-day, twenty yeaia afttc the akovs coneluaions were formulated, they 
taay atilt bo considered a» exptessing tho essence of the now well-known 
periodic law. 

ReveTtlnfc to the epoch teriuintting with the sixties, it ia proper to indi- 
cate three series of data without the knowledge of which the periodic law 
could not have been discovered, nud which rendered its appearance natural 
and intelligible. 

Id the Hrst place, it was at that time that the numerical value of alomie 
weights became definitely known. Ten yeara earlier such knowledge did not; 
eiist, aa may be gathered from the fact Uiat in 1860 chemists from all parta 
of the world met at Karlsruhe in order to come to some agreement, if not 
with respect to views relating to atoms, at any rate oa regarda their definite 
rcpreaentatlon. Many of those present probably remember how vain werei 
the hopes of coming to an understanding, aud how much ground was gained' 
at that Congress by the followera of the unitary theory so brillinnUy repra- 
seated by Cannizzaro, I vividly remember the impression produced by hla 
speeches, which admitted of no compronliae. and seemed to advocate truth 
itself, based on the conceptione of Avogadro, Gerhardt, and Begnault, whieh 
ftt that time were far &om being generally recognised, And though no 
understanding could be arrived at, yet the objects of the meeting were attained, 
for the ideas of Cannizzaro proved, after a few years, to be the only ones 
which could stand criticism,- and which represented an atom aa— 'the 
smallest portion of an element which enters into a molecule of its compound.' 
Only such real atomic weights — not coaveotionol ones—coald afford a basia 
for generalisation. It is sufficient, by way of eiampU, to indicate tho 
following cases in which the relation is seen at once and is perfectly clear: — 



Sr=87 



Cb^ISS 
Ba-ia? 



ic weight, which with the true v&laea 



Ca>-10 

whereas with the equivalents then in 
K -39 Bb 

ihe eonseciitiveneas of change in ato 
is so evident, completely disappears. 

Secondly, it had become evident during the period 1860-70, and even 
during the preceding decade, that the relations between the atomic weights 
of analogous elements were governed by some general and simple laws. 
Cooke, Cremers, Gladstone, Gmelin, Lenssen, Pettenkoler, and especially 
Dumas, had already established many facta bearing on that view, Thns 
Pumas compared the following groapa of analogoua elementa with organie 
radiclea ;— 
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Ms-Ul, 


P - eij„ 


iB.S 
B» -681 


8b = 110 

3.44 

Bi-aoTi 




P -IB. 

CI =86-6 = 19 
Be =80 -13 

1 =137 =2. 


^■^■5 

.19 + 2xlOS + 3«28. 



= 04) 



&. Strecker. in hia work ' Tlieorien nnd Eiperimente for Beatinuoniig 
dar Atomgewicbte dei Elemente' (Braunechweig. 1BS9). liter Bumnuriuiig 
the datB lelaticj; to (be aobjecl, and pointing oM tba remarkable teriai of 
BqnivalenU — 



CT<=2e-3 Ma-3T'G 



Co-80 Cu-Sl-7 



nmarks that: It is hardly probable that ftU the above-mentioned relation! 
bettreen tba atomio weighta (or equivalenta) of chemically nnalogoiuelemeDla 
are merelj accidental We must, however, leave to tbe future the diaooverj 
ct the law of the relatione which appears in LheM GgnreB.' ■ 

Id aneh attempta at arrangement and in Bueh views VB to b« T«0OgniMd 
ths real tbreraiuierB of the periodic law ; the ground wai prepaiad lor il 
between 1800 and 1H70, and that il waa not eiprened in a detarminate fimn 
before the end of the decade ma;, I anppoao, be aicribed to the [act that onlj 
onalogouB elementa had been compared. The idea of aeeking for a relaliou 
between the atomic weights of all the elemeiita was foreign to the ideaa then 
cnrrent. 80 that naither the vu leUuri^ut of De Choncourtoia. nor the laui of 
octavn of Newlands, oouM aecnre aojbodj'a attention. And yet both De 
Cbaocouitois and Newlanda like Dumaa and Strecker, man* thim Lenaien 
and Fettenkofer, had made an approach to the periodic law and had die- 
covered ita genua. The solution of tbe problem advanced but slowly, becanee 
the facts, bat not the law, stood foremost in all attempla ; and the law could 
not awaken a general iDterest ao long aa elements, having no apparent con- 
nection with each other, were included in the eame octave, aa for example ; — 



lat < 



oil 



F CI Co * Ni 



Br 



Pd I 



4 



Analogies of the above order seemed quite accidental, and the more to as 
the octave contained occasionally tenclomentatDateadol eight, and when two 

' 'Ei ill wohl kinm uiiDiiEhinan, dui tUe im Tarbal(ibwiden tacrTDrtuhnbuua 
B«:a«tiiitif^a rAin^tfadan AtougflKmblAu (dJat AAqniTUBaten) m cbemiachen Varhil^ 
nlaacfi ainvidn' IhDljc^ Elemantfl blov nilkllig nnd, DEa AeffiDdQUf; daf ia dwa^ 
ZalklaD gnetriiehen BftliahiuigaD mQuan vii jadoch dar Zokautt U] 
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nch elemmli fti Ba Bud V, Co snd Ni, or Bh utd Rn, occnpted one place in 
Ihe oot&ve.* NeveilhelsBS, tbe fruit wwripciiiiig, and 1 cow see clearly that 
Strcckor, De Cbnncourloie, and Newlanda Blood roremQEt in the vay towarda 
the digcorety of tbe pcriodio law, and that they merely wanted the boldneu 
necewary to place tbe whole question at each a height that its reflection uu 
lite facts could be «tci\r[y ae^na. 

A third circumelnnce V hich revealed the periodicity of chemical element* 
w&s tha acenmuklioD, by the end of the auties, of new iaformatioD resp«ctin){ 
tbe rare elemeDta, diiclosiDg their msiiy-Bided relatiooj to the other element* 
Knd to each other. The reeearches of Marignao ca niobium, anA thoae of 
BoHCOO on vanadium, were of special moment. Tbe stnking analogies between 
vanadium and phosphorus on the ono hand, and between vanadium and 
chroniluiii on the other, which became bo apparent in the inveatigationi con- 
nected with that element, naturally induced the comparison of V - SI with 
Cr-63, Kb-04 with Mo = 90, andTa-lM with W-104; while, on tha 
pther hand, P>^ai could be compared with 8- 82, As -76 with 8e-7d, and 
Sb - 120 with Te- 125. Proin such approiimations there remained but ona 
(tep to the discovery of th<3 law of periodicify. 

The law of periodicity was thus a direct outcome of the stock of gnnerali- 
•ations and established facts which had accomulaled by the end of the decad* 
ISGO-ISTO : it i> an embbdimenl of those data in a more or less syHlematio 
eipresKioD. nhere, then, lies tbe secret of the special importance which haa 
onee been attached to the penodic law, and haa raised it to the position of * 
^eneialisation which has already given to cbemisir; nneipfCled aid, and 
which promises to be for more fruitful In the future and to impreea upon 
Hveral bmncbaa of chemical research a peculiar and original stamp? Ths 
remaining part of my commimicstion will be an attempt to answer thia 
question. 

In the fiist place we have the circumstance that, as soon as the lawmada 
its appearance, il demanded a revieion ot many facte which were considered 
by chemists as Fully estabhshi^d by eiisting eiperience. I shall return, later 
on, briefly to this subject, but I wish now to Timind you that the periodic 
law, by insuting on the necestiiy for a revision of supposed facts, eipossd 
itaelf at onos lo destruction in its vcrjr origin. Its Erst requirements, how - 
aver, have been almost antif ely satisfied during the last 20 years ; the soii- 
iweed facia have yielded to the Uw. thus proving (bat Ihe law itaelf wa* a 
lagitimate induction from the vcriflcrl facts. But oar inductions b'om data 
have often to do with such details of a science so rich in facts, that onljr 
generalisationa which cover a wide range ot important phenomena can attract 
general attention. What were the regions touched on by the periodic Jaw t 
This b what we shall now consider. 

The moBt important point lo notice is, that periodic functions, uaed lor 
the purpose of eipressing changes which arc dependent on variaiioDB of time 
and space, have been long known. They arc familiar to the mind when wa 
Itave to deal with motion in closed cycles, or n-itb any kind of deviation from 



• To judge from 
Loodon, ISM, p. I 
AVPM 18. ISM). 



I. R. NvwLuids'i Ktiik, 
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B it&Us podUon, sttch as oscura in peadalDm-oBcil]til[anB. A lilce 
function bectune evident in the cage of the elements, depending en tb 
or the Rtom. The priuiiuy concf^ption of tbe masEes of bodies, or of the 
of atoms, belungB to a categorji tvbich the present Bl&to of science forbids na 
to diucuEB, because as yet wo have no meana of disEecting or analysing th« 
conception. All that was knonn of functions dependent on masses derived 
its origin from Galileo and Kewton, and indicated tliat Boch fanEtioaa 
either decrease or increase vvilh tbe increase of mass, like the attraction of 
celestial bodies. The nnmerical eiprHssion of the phenomena was always 
found to be proportional to the maas, and in no case was an increase of mai* 
followed by a recurrence of properties auch as ia diBclosed by the periodic Uw 
of the elemcntfl. This consti toted such anovelty in the study of the phanomen* 
of natare that, although it did not lift the veil which conceals the trae concep- 
tion of mass, it nevertheless indicated that the eiplination of that coneeptioa 
mast be Bearched for in the massea of the atoms ; the more so, as all moasea 
are nothing but aggregations, or additions, of chemical atoms which would ba 
beat described aa chemical individuals. Let me remark, by the way, that 
thouf^ the Latin word ' individual ' is merely a Iranslation of the Greek word 
' atom,' nevertbeleaa history and custom have drawn a sharp distinotion 
between the two words, and tbe present chemical conceptiou of atoms ia 
nearer to that deSoed by the Latin word than by the Greek, although this 
latter also has acquired a special meaning irhicb was unknown to the ciMilic*. 
Tbe periodic law has shown that our chemical individuals display abarmonio 
periodicity of properties dependent on their massea. Kow nottuml science 
has long been accustomed to deal with periodieitiea observed in nature, to 
seize them with the vice of tnatbematical analysis, to submit them to tho 
rasp of experiment. And these instrcmients -of scientifio thought would, 
■nrely, long since, have mastered the problem connected with the cbemiea] 
elements, were it not for a new feature which was brought to Ught by tho 

I periodic law, and which gave a peculiar and original character to tbe periodic 
fonction. 

If we mark on aa axis of absciasffi a series of lengths proportional to 
angles, and trace ordinates which are proportional to sinea or other trigono- 
metrical functions, we get periodic curves of a harmonic character. So it 
might seem, at iirst sight, that with the increase of atomic weigbta the distt 
tionof the properties of the elements should also vary iii the same harmonioil* 
way. But in this case there ia no such continuoua ohanga as in tha ewraa 

Just referred to, becanse the periods do not contain the in&nita number of 
pomta constituting a carve, but a finiU number only of such points. Aa 

! eiample will ietler illustrate this view. The atomic weights— 

Ag-I08 Cd°J12 In-113 Sn^llB 8b-190 
Te - 126 I - 127 
steadily increase, and their inereaae la aceompanied by a modiGcation of 
maoy properties which constitutes the eaaenee of tbs periodic law. Thus, 
for example, the densitiea of tbe above elements deoreaa* steadily, bdbg 
respectively— 




4 



10-5 



7-B 



e-7 



6-4 



4-0 
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n incroiuing qtwntity ofoxirgtn — 

Ag,0 Cd,0, ln,0;, Sn,0, Sb.O, Te,0, 1,0, 

Bui to Goiuiect by a carve the aiimmita of tha ordinaleB expieniag any 
bf tlieoe properties woulil involve Ibe reJcctioD of DaJton's law of multiple 
proportions. Not only nre (bero do intormediAte elemEnta belweoa ailveri 
which gives AgCl. and CAdmmm, wbicti gives CdCl^ but, according to tha 
very eiueiiGe of the periodic law. there can be none ; in fact a unifomi ourvl 
Konlil be ionppliciiblo in such a cobo, as it would lead us to expect element! 
|iosBesscd of special properties at aoj point of the curve. The periods of tha 
elemenls have thus a chnracter very different tioni those «'h[ch are oo Bimply 
npresented by geometers. Tbey correspond to points, to nambers, to niddea 
•faanges of the masses, anj not to a continuous evolution. In these sadden 
ohangsB destitute of intermediate steps or poaitioua, fn the absence of 
elsments intsrmediate between, say. silver and cadmium, or alumimnm 
and silicon, we must reeogmse a problem to which no direct applicaUoo 
of the analysis of the inSnitely small can bo made. ThDrofbro, neither the 
trigonometrical foncticns proposed by Ridberg and Flavitzky, nor the pen. 
dulnm^wciUations stiggeated by CroaboH, nor tbe cubical curves of the Hev, 
Vr. Haughton, which have been proposed for aipressing; the periodio law, 
from the nature of the ca°e. can represent the periods of tbe ohgmioal 
elements. If geometrical analysis is to be applied to this sabject, it will re- 
quire to be modified in a sp«cial manner. It mn<t find the means of cepre- 
senting in a special way, not only such long periods aa that comprising 

B Ca Se Ti V Cr Mn Fe Co Ni Co Za Oa Oa Aa Se Br, 

kul short periods like tbe following : — 

Ha Mg ia Bi P 8 CI. 

lu tha theory of numbers only do we 6nd problems analogona to oorti 
and two attempts at expressing the atomic weights of the elements by alge- 
braic formnln: seem to be deserving of attention, although neither of tbem 
can be considered ns a complete theory, nor as promising Gnall; to solve tha 
problem of the periodio kw. The attempt of E. J. Mills (1886) does not 
avsn ai^iire to attain this end. Ho considers that all' atomic weights can ba 
expressed bj a logarlthmio function, 

ISin-O-aaTS"), 

in which the variables n and ( are leholt mtmbtrt. Thns. tor oiygro, ti'S, 
»nd I - 1, whence its atomio weight is ^ 16'IM ; in the case of chlorine, 
bromine, and iodine, n has respective vatocs of S, 6, and 9, whilst t = 7,6, 
mod D ; in the case of potassium, rabidiom, and cEcsium, n i^ 4, 6, and 0, and 
I - U, 18, and 3D. 

Another Mtempt was made in 1888 by B. N. Tebilch^rin. Its anther 
plaeea the problexn of the periodic law in tbe first rank, bat as yet he baa 
BtTestigated the nlkali metals only Tchitcbjria Grsl noticed the simpla 



PE1IIC1PLE3 OF CJIEMISTBY 



lations existing betwiea the atomia 
n be expreued, aceordiog to bU viei 



voliimeB or all alkali metalt; 

s, by the tonuula 

i35An). 



J sodium, Iff ^^^^ 



where A is tbe atoojic weight, and n is e<\aal to 8 for lilbii 
4 far polaasinm.to 3 fornibldium, and lo 2 for ccuun. Knremuaed equal 
to 8 during tbe iocreaBs o( A, the vohimo would become zero at A = *6%, 
and it ivoiild reach its maximum at A ^ 23j. The cloee npproiunatioii of 
tbe number 4G3 to tlio differenceB between the atoiiuo neighta of analogiraa 
elements (such as Cs — Bb, I — Bi, and so on) ; the close correspondence of 
the number 23^ to the Btomio weight o[ aodiuiu ; the fact o( n being neces- 
sarily a whole number, and several other aspects of tbe queslion, ioduca 
TchitehJrin to beUeve that the; afford a clue to the undprBtiuidicg of Iha 
nature cf tbe elements ; we miist, however, niwait tbe Ml develcpmont of 
bis tbeor; before pronounciog judgment od it. What wecaa at present only 
be certain of is this: (bat attempts like the two above naiued must be re- 
peated and multiplied, because tho periodic law has dearly shown that th« 
masses of the atoms increase abruptly, by steps, which are clearly connected 
in some way with Dalton's law of multiple proportions i and because the 
periodicity of the elements finds expression in the transition from BX 1« 
BX., BX,, BX„ and BO on till HX„ at whieh point, the oneriiy of ths com- 
bining forces being eiJiausted, the series begins anew from BX io BX,, and 

Wliile comiecting b; new bonds the theory of the chemical elements with 
Dalton's theory of multiple proportions, or atomic structure of bodies, ths 
periodic law opened for natural philosophy a now ami wide field for specula- 
tion. Kant said that there are in the world ' two things whieh never ceaM 
to call for the admiration and reverence of man : tbe moral law within 
ourselves, and tbe stellar aky above us.' But when we turn our thonxbu 
towards the nature of tbe elements and the periodic hkw, we must add a third 
subject, oamely. ' the nature of the elementary individuals whieh we discover 
everywhere around us.' Witbont them the stellar sky itself is inconceiv- 
able : and in the atoms we see at once their peculiar individualities, the in- 
finite multiplicity of the individuals, and the submission of their eoeming 
freedom to the general harmony of Nalurs, 

Having thus indicated a new mystery of Natnre, which does not yet yield 
to rational conception, the periodic law, together with the revelatioos of 
spectrum analysis, have contributed to again revive an old bnt remiukablj 
long-lived hope— that of discovering, if not by experimeot, al least by » 
mental effort, the primary malUr~vih'Kh had its genesis in the minds of 
ihe Grecian philosophers, and has beeo tranamittej, together with many 
other ideas of the classio period, to the heirs of their cLvilisatioii. Having 
grown, during the times of the alchemists up to the period when experimental 
proof wa« requiicd, the idea has rendered good service; it indiicod those 
careful observations and espcriraenia which later on called into being tbe 
works of Scheele, Lavoifuer, Priestley, and Cavendish. It then slumbered 
awhile, but was soon awahonedby the attempts eitlier loconSrraor torefht* 
the ideas of Front »i to the multiple proportion relationship of tbe alouus 
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^night&orall ttieeIem«Dt». And onoe agiun tba {udnetive or exparimeutal 
■netbodof Btudj-iog Nature ^njaed u direct advantof^ from the old Pytha- 
Rocean idea : bacansf atomio weiyhlo were dttermined with an accuracy 
fbiDieirly unknown. But again the idea coiOd Dol stand tbe ordeal of experi- 
mental test, yet the prejadice remaing and Ijm not beea nprooted, even b^ 
Btaai na;, it has gained & new vigour, for we see that all which isimperfectly 
worked oat, new sad uQeiplained, Crom the itill scarcely studied rare metaU 
to tlw hardly percepliblo Debnlie, have been need to justify it. Ai toon m 
■pectnmt analysis appears as a nsw and powerful weapon of chprnialry, the 
Idea of a primary matter is immediately attached to it. From all aides we 
Me attempts to constitute the imaginary substaoca helium* the. so much 
longed for primary matter. No attention in pud to the circumstance that 
the helium line U only seen in the spectram ol ths solar protuberance*, lo 
that its universality in Nature remains as problematic as the primary matter 
itself; nor to the fact that the helium line is wanting amongst tbe Frani>> 
hofer lines of tbe solar speotnun, and tbns does nkjt answer to the brilliant 
fundamental conception which gives Its real force to spectrum analysis. 

And GnoUy, no notice is even taken of Ihe indubitable fact that the brU- 
lianctet of the spectral lines of the simple substances vary under different tem- 
peratares and pressures ; so that all probabilities are in favour of the heliunt 
line simply belonging to soma long since known element placed under such 
eonditioDB of temperature, pressure, and gravity as have not yet been realissd 
in our experiments. Again, the idea that the excellent investigations of 
liOckyer of Ihe spectrum of iron can be interpreted in favour of tbe compound 
nature of that element, evidently must have arisen from some miscnder- 
staoding. The spectrum of a compotmd certainly does not appear as a 
sutn of tbe spectra of its components; hnd therefore tbe observations of 
Lockyer can be considered precisely as a proof that iron undergoes no other 
ehsDges at the temperaluie of the sun than those which it experiences in the 
Toltaic arc— provided the spectrum of iron is preserved. As to the shifting 
of some of the lines of tbe spectmm of kon while the other lines maintain 
their positions, it can ba explained, as shown by M. Klelber (' Journal of the 
Busnan Chemical and Physical Society, I88G, 147), by the relative motion 
of ths various strata of the sun's atmosphere, and by ZuUncr's laws of tba 
relative brilliancies of different lines of the spectrum. Moreover, it ought 
not to be forgotten that if iron were really proved to cansist of two or mon 
Dnhnown elements, we should simply have an increase in the number of out 
elements—not a reduction, and still less a redoction of all of them to one 
aingle primary matter. 

Feeling ibat spectrum analysis will not yield a support to the Pythagorean 
conceptioD, it^ modem promoters are so bent upon its being confirmed by 
the periodic law, that tbe illustrious Berthelot, in his work ' Les origioea de 
VAlchiniie,' 1S8S. 313, baa simply mixed up the fundamental idea of the law 
of periodicity with tbe ideas of Prout, the alchemists, and Democritus about 
primary matter.' But the periodic law, based as it is on the sohd and whole- 
> That IB. a tabitanca hating: a mave-Iengtli aqsal to OOOOSBTE miUimetra. 
* He nuunlaina {on p. 300) that tl« pirriodu: Uh icqniraa ttro neo analagnu 
•leraenti, havisG atomic weight* ot iS and S4, accopyiag poeiLions betwMU •olphiu 
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Bome ground of eiperimentat resenrch, has been evolved independently 
any conception fts to the nnturc of Iho elements ; it doe* not in tT 
oHgiiiulo in the idea of a unique mutter ; and it iins no historival 
tioD with that relic of the tonueiits o( classicnl thought, and thcreror« 
BlTords no more indication of theunity of matier or of the compound character 
of our elenientg, than the kw of Avngodro, ur tho law of specifto heats, or 
even the conclusions of spectrum analysia. Kooe ol tho advocates of a 
uuique matter have ever tried to explain tho law Iroai the etandpoinlof idea* 
taken from a remote antiquity when it was found convenient to admit th* 
eiiatenco of manj gods— and of a unique nialtcr. 

When we try to explain the origin of Ihe idea of a unique piimaiy 
mattei', we easily trace thai in the absence of inductions from eiperimeat- it 
derives its origin from the scieotiScally philosophies] attempt at discovering 
some kind of unity in the immense diversity ot in dividual iliea which we r« 
around. In classical times such a tendency could only be satisfied by con- 
ceptions about the immaterial world. As to tho material world, Olu' ancestora 
were compelled to resort to some hypothesis, and they adopted the idea o( 
unity in the formntive material, because they were not able to evolve tha 
conception of any other possible unity in order to connect the niidtilariona 
relations ot matter. Itcspondinf- to the same legitimate scientific tendency, 
natural science baa discovered throughout the universe a unity of pUn, » 
luiity of forces, and a unity of matter, and the convincing cooclasions of 
modem science compel every one to admit these kinds of imily. But while 
we admit unity in many things, we none the less must also expIMn the 
individuality and the appaivnl diversity which we cannot fail to trace every- 
where. It has been said of old, ' Oive ua a fulcrnm, and it will become easy to 
displace the earth.' So alio we must say. ' Give us something that iiiudiiridu- 
aliaed, and the apparent diversity will be easily understood.' Otherwise, how 
could unity result In a, multitude ? 

Aiter a long and painBtahing research, natural sejcnce hoe discovered tha 
individualities of the chemical elements, and therefore it is now capable not 
only of aualysing, but also of synthesising ; it can understand and ijraap 
generality and unity, as well as tho individualised and the multifarioiu. 
The general and universal, hke time and space, like force and motion, vary nni- 
foroaly ; the uniform admit of interpolations, revealing every intennedist* 
phase. But the inultitudinons, the individualisod— such as ourselveB,o)' tlia 
chemical elements, or the membera of a peculiar periodie function of th* 
elements, or Iiolton's multiple pToportioas-^is characterised in aaolhiv 
way: We see in it. aide by side with a eoDnecting ceneral principle, leapi, 
breaks of continuity, points which escape from the analysis of the infinitely 
small— an absence of complete intenuediste linkf. Chemistry has found an 
answer to the question as to the causes of multilndes ; and while retainioff 
the conception of many elements, a]l submitted to the discipUno of a general 
law, it offers an escape from the Indian Nirvana— the absorption in tha 
universal, replacing it by tho individualised. However, the place lor indi- 

aaS HkainiD. tttbongh aolhing of (be kind nsnlti tma any el tli* diSeienl rtadiogs «t 
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vldnaUt}' la eo limited b; the all-grnsping, all-powerrul 'tmivereol, that It, U 
merely a point of aapport for tho underatanding of maJtitade in imity. 

Having toQflhed apon tho motaphysical iaaea ot the conception of a 
nniqua matlor which is suppoaod to enter into the compoailion of all bodica 
I think it oocesaarj U> dwell apon another theory, aliiii to the above concep- 
tion — the theory of the compound character of Ibe elemenU now admitted by 
»ome— and especially upon one partionlar ohreumataaeo which, being related 
to tlio periodic law, ia considered to be an argument in favoor of that hypo- 

Dr. Pelopidsa, in 1883, made a communication to the Buaaiaa Chsmioal 
and Physical Society on the pBriodicity of the hydrocarbon radiclea, pointing 
oat the reroarkable paralteliBm which was to l>e noticed in Iba change of 
propertiea of hydrocarbon radicles and elements when classed in groups. 
Professor Comelley, in I8661 developed a aimilar paralleliam. The idea ot 
U. Felopidaa will be eaaily vmderatood if we consider the asriea of hydro- 
Mrbon radicles which contain, say, S atoms of carbon : — 

r. n. ni. iv. v. vr. vn. vm. 

CiHi. C,H„ 0,H„ C,H„ C,H, C,Hj C,H, 0,H, 

The lirtt of these radioles, Uke the elementa of the 1st group, combines with 
CI, OH, and so on, and gives the derlvatirea of bexyl alcohol, C,H„{OH) ; 
but, in proportion oa the number at hydrogen atoms decreases, the capacity 
of the radicles of combining idth.eay, the halogens increases. C,H:„ already 
combines with 2 atoms of chlorine ; 0,II„ with 8 atoms, and to on. The 
lost membera of the aeries comprise the radiclea of acida ; thus C,Hj, which 
belongs to the 6th group, givea, like iulphur, a bibaaio aoid, 0,H,0](OB),, 
wtiich la homologoua nith oxalic aoid. The paralleliam can be traced still 
further, because OgHj appears as a monoralent radicle of benzene, and with 
itbeginaanew aeries ofaromatlodorivutivesi so analogous td the derivatives of 
the aliphatic series. Let me also mention another example from among those 
which have been given by M. Pelopidoa. Starting from the alkaline radicio 
of monomethylammonium, N(CH,)H,f or KCH,, which presents many 
analogies with the allioline metals of the 1st groupihearrlTea.by saocessivety 
diminishing the number of tho atome of hydrogen, at a Tth group which 
eontoina cyanogen, CN, whioh has loDg einoe been compared to the balogens 
of the Tth group. 

The moat important consequence which, in my opimon, con be drawn 
from the above comparison is that the poriodio law, ao apparent in the 
elements, ha« a wider application than might appear at first sight ; it opens 
op a new vista ot chemical evolntiona. But, while admitting the fullest 
parallelism between the periodicity of the elements and that of the compound 
radicles, we must not forget that in the periods of the hydrocarbon radiclea 
we have a deereaie of maas aa we pass from the representatives of the first 
group to tho*neit, while In tho periods of the elements the mass inortaiea 
daring the progreasioa. It thus becomes evident that ve cannot speak of an 
identity of periodicity in both casea, unleaa we put aside the Ideaaof mass 
and attraction, which are the real comer-stonei of the wliole of natural 
(clenoe, and even enter into those very conceptions of aimple substances which 
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CUDS to light a (all hundred year* later than the inunoTtal p 
Newton.' 

From the foregoing, aa well as from tbe failure* of so luan; attempts at 
finding in eipenmont SJitl speculation a proof of the compooud character of 
(he eleuieiitB antl of the exLeteiice of primordial niattar, it ia oviijant, in mj 
opinion, that this theory must be olauod among mere ntopiaa. Bat ntoptM 
oan onl; bo combated by freedom of opinioD. by eKperimeot, Mid by naw 
Qtopins. lu tlia republic of soieotiSo theories freedom of opiuions ii guanw- 
|«ed. It is precisely that freedom which permits ms to criticise opaidy III* 
wiilely-difiiued idea as to tbe unity of matter in the elements. EipaciitMllta 
ftnd attempts at confirming that idea hate been so numerous that it rflljr 
vroold be uiBtruGtiTe to have them all collected lugetlier, if only to serve m * 
waruing against the repetition of old foiltirea. And now as to new utopiaa 
which may bo helpM in the struggle agiunat the old ones, I do not think it 
quite useless to mention tpKantaty of one of my stodents who imaged thai 
^0 weight of bodies does not depend upon their masa.bntupon the characta 
of tlie motion of their atoms. The atoms, according (o this new Utopian, may 
all be homogeneoQS or heterogeneous, we know not which; we know them 
in motion nnly, and that motion they maintain with the same peraiitence aa 
tbe stellar bodies maintain theirs. The weights of atoms differ only in ood- 
•equancs of their various mode* and quantity of motion ; the heaviest atoms 
may be much simpler than the lighter ooes : thus an atom of mereury may 
be simpler than an atom of hydrogen— the mumer in which it moves caoaes 
it to be heavier. My interlocutor even suggested that the view which 
attributes the greater complexity to the lighter elements finds eonfirma^on 
in the fact that the bydrocarbon radicles mentioned by Pelopidas, wtiila 
becoming h'ghler as tboy loge hydrogen, change their properties periodicallj 
in tbe same manner as the elements change iheirs, according aa the atoma 
grow beaviat. 

Tba Frsnoh proverb, La crilique e>l facile, nait I'arl tit difficile, how- 
ever, may well be revetted in the case of all such ideal views, as it la moefa 
eaaier to formulate than to urilicise them. Arising from the virgin soil of 
newly -eslabliabed tacts, tbe knowledge relating to the elements, to their 
masses, and to the periodic changes of their properties bos given a motive 
for the formation of ntopiafi hypotheses, probably because they could not b* 
foreseen by the aid of any of tbe various metaphysical systema, and eiist, 
like the idoa of gravitation, as an independent outcome of nat&ral soiance, 
reijuiring the acknowledgment of general laws, when these have been estab- 
lished with tbe earns degree of persistency as is indispensable for tbe aecepi- 
ance of a thoroughly established fact. Two centuries have clapeed since th* 
theory of gravitation was enunciated, and although we do not understand it* 
cause, we still must regard gravitation aiafundamenlal conception of natural 
philoaopby, a conception which has enabled as to perceive much more than 
tbe metaphysioiaos did or could with thair seaming ommscianee. A lumdied 
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ytm Ut«r tbe conception of the elemects uose ; It nm^ oheraietr; what it 
DOW ia ; and yet wo have advanced aa little in oar comprelienaioa of eiznple 
•abetances unce tlie times of Lavoiaitir ani Dalton as we Imve in our und-r- 
■taactiug of gravitation. The periodio law of tbe elements is only twenty 
yeais old) it is cot aurprialng, therefore, that, knowing nothing about tlio 
oauMs of gravitation and mass, or a,bout the nature of the eUmenta, we do 
not oomprehend the rationale of the pariodio law. It ia only by collacliria 
eitabliabcd lawe— that ia, by working at the acquirement ot truth — that v o 
oan boim gradually to lilt the veil which concoula &om tu the causea of the 
myeteriea of Nature and to discover their mutual depeadeooy. Like the 
teleecope and the microscope, lawa founded on the baeia of eiporiniont ars 
the instnunente and means of enlarging our mootal horizon. 

In the remaining part of my communication I ahall eiideavoor to show. 
and es briefiy aa possible, in how far the periodic law contributea to enlarge 
sion. Before the promulgation of this law the chemical 
lere fragmentary, incidental (acta in Katute ; there waa no 
y eipect the discovery of new elemente, and the new ones 
which were diacovered from time to time appeared to be poHseased of quite 
novel properties. The law of periodicity first enabled oa to perceive undii- 
covered elements at a distance which formerly was inaccessible to chcmiool 
Tigion ; and long ere they were discovered new elemonta appeared before on.' 
eyes possessed of a number of wcll'deSnod properties. We now know thrco 
cases ot elementa whose existence and properties wero foreseaa by the instm- 
mentaUty of the periodic law. I need but mention the brilliant discovery ot 
^allium, which proved to correspond to eka-aluminium ot the periodio law, by 
Lecoq de Bolebaadren ; of icandium, corresponding to ekaboron, by Kilaon ; 
and of germanium, which proved to correspond in all respects to ekasilicop, 
by Winkler. When, in 1871, 1 described to the Bussiaa Chemical Society 
the properties, clearly defined by the periodio law, which such elements 
OQj;ht to poisess, I never hoped that I should live to mention their dlacavery 
to the Chemical Boclety of Great Brilmn as a conjirmation of the exactitude 
and the generality of the periodic law. Now that I have had the happiness 
of doing so, I unhesitatingly say that, although greatly enlarging onr vision, 
even now the periodic law needs further improvements in order that it majr 
become a truetworthy instrument in further discoveries.* 

I will venture to allude to some other matters which chemistry has di»> 
Mined by means of ita new inetnunent, and which it ooold not have mada 

* Itonses soma more ne« elsmcsts. tut not vjlh tho uma ceitiCnde u belOtB. I 
■lull give oaa aiunple, ncd yet I do not iw it qnitfl distincUj. Ia tbe •erioi nrhioli 000* 
bios Bg-90<,Pb-Sae. soil Biases, wo c&nfma^e tho eiUtenceUttlieplueTI— 11} 
et ta diiniSDt •niJogoai to toUatiuin, which wo cm dcfuribe (9 dTi-tellurinm, Dl, having 
u *k«mk woiglit ot lia, ud Iha prcptiTl; o! fonsing the oiiae DIO3. If thii elemoDl 
n»llT eiiita, It ouEht ia the free tlite te be im nnOy fiuible, otTililline, noO'Votitila 
malel ot a giey colour, hiTing a dsoiity ot kbout a-3, CApabIs of giving t, dioiids, StOt, 
tqnillj endowed with teebia wid uid buio propertiH. Tbit dioxids mut givo on Ktiva 
Olldttion u nnstibla liighec oiiJe, DtOj, which ahoold [esembte in iti pmpectisa PbO, 
and Bi|0|. Drl-teUnrinin hjdrido, if it be found to laiatt urilt be a leaa atable fompooaij 
thsaeven HjTe. Tho i:oiiipoiuidi ol dii-IelluiiumwiU be auUj r«diu«d, ud ilwillfann 
ehuMtflristio deflnit« allori *ith other eiM*]*. 
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oat wilbout a knawMge of the kw of periodicity, tud I will oonfiiM mymU 
(u simple eubBCoQcea nail to oiidei. 

Befure Lhe ppriorlic Inw vUBforiualaMd tlicnlomia welgliUof the elemenM 
irere puruly oiii[iirica! nmubcrB. ed tlint Che mngiiiliide of the equirnlent, uxA 
the uloiuicity. or the value in aubstitution possessed by an atom, could oalj 
be teateil by critteally exuuimug tbe luetlitids of Je termination, but oecer 
directly by conaiduriDg LUe uumericol values Ihetusolves : in sliort, we we» 
conpeiled to move io the dork, to submit to llie facts, instead of being nuutna 
of tbetu. I need not recomit the methods which ptrmiltod the periodic law 
at lost to tnaEtec the facts reUtiug to atomio weights, and I would nuroly 
coU to miud that it compelled us to modify the valencioi of Murium and 
ccriam. and to assign to their compounds a diSereut moleculai' composiUoD. 
DetermioatiooB of the speciGc heats of these two metals fully coofirmGd Ihft 
change. The trivalency of gltriam, which moliPs us now represeot its onda 
OS Y,0, instead of ssYO, was also foreseen (in 18T0) by the periodis U«, and 
it baa now become so probable that CUve, and all other snlMequoDt inveitl- 
gators of the rare metals, have not only adopted it. but have also applied it 
without any □ev demonstration to sabstances bo imperfectly known ae thooa 
of the cerite and godolimte group, especlallj since iliUebraad detenoined Xh» 
•peoific heats of UmTimmn and dtdyminin and conGrmed the eipectatioDa 
mggested by the periodic law. But here, eipecioUy in the ease of didymioni, 
we meet with a series of difficulties long sinca foreseen through the periodio 
law, but only now becoming evident, and cbieQy oriiing from the relotiva 
rarity and insufficient knowledge of the elements which usually acconqwuiT 
didymiuu. 

Fosaing to the reaulta obtained in the case of the rare elements Kfry/tium, 
teandium, and thorium, it is found that these have many points of oontact 
with the periodic law. Although AvdceS long since proposed the magnesia 
formula lo repre»ent beryllium oxide, yet there was so much to be nid ia 
favonr of the alumina formula, on account of the epeeiSo heat of the malAl* 
and the isomorphism of the two oxides, that it became generally adopted 
and seemed lo be well established. The periodic law, however, as Bnoner 
repeatedly insisted (' Beriobte,' 1878,873:1881,58), was against tbe formnia 
Ba,0, ; it required the magnesia formula BeO — that ia, an atomic weigfal 
of 9— because there was no place in the sysUm fbian element like beryllium 
having an atomic weight of IS'5. This divergence o( opinion lasted (or 
years, and I often heard that the question as to the atomic weight of beryllioin 
threatened to disturb the generality of the periodic law, or, at any rate, to 
require some important moditjcations of it. Many forces were operating in 
the controversy regarding berylliam, cvidettlly because a much mors im- 
portant qneslion was at inne than merely that involved in the discussion of 
the atomic wei^t of a lelatirely rare element: and daring the controversy 
the periodic law became better understood, and the mutual relations of tb* 
elements became more apparent than ever before. It is most remarkable ttiat 

the victory of the periodic law was woo liji [I ilii fll ij iiliwiiiwi 

who previously had discovered a number of he)* in support of tb* tri- 
valency of beryllinm. Applying the higher law of Avogadiv, Mitson and 
FalUrwn have Qnally ahown that the density of the vapour of Ifaa bMjl- 
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limn ch1(iride,/%Clj, obliges us to regard beryllinia as bivalent in 
CODformity witb tbo poriodb law.' I consider the coDJiriliatloD of Avd^elf s 
nod Bnkunet'g view as impbrtiuil in [be history of the periodic law as the 
diocovery of scanilium, wbich. in Nilson's hands, conGrined the existence of 
ekaboroa. 

The ciroamBlance thai thorium proved to be quadrivalent, and Th = 233j 
in aocordanaQ with the views of Chydciiius and the requiremeule of Ibd 
periodic lan^, passed almost unnoticed, and was acc^epted without opposition, 
and yet both tbonum and uranium are of gresl Importance in the periodic 
■ystem, as tbey are its lost members, and have the bigbest atomic weights of 
all the elemeois. 

The alteration of the atomic weight of uranium from U - 120 into ^ 340 
•ttrauted more attention, the chaoga having been mudo on accoonl of the 
periodio law, and for no other reason. Now that Itoscoe, Bammelsberg, 
Zimmermann, and several others have admitted the various daiuia of tha 
periodio law in the case of uranium, its hit^b atomic weight is received with- 
out objection, and it endows that vlemenl with a special interest. 

While thus demonstrating the necessity for modifying the atomic weights 
of saveral insufficiently known elements, the periodic law enabled us also to 
detect errors in the detennination of the atomlo weights of several elements 
whose valencies and true position among other olsmenta were already wall 
known. Three such cases are especially noteworthy: thoBS of tellurium, 
titaninm and platinum. Berselius bad determined the atomic weight ol 
letlHrium to be IW, while the periodic law claimed for it an atomic weigbl 
below that of iodine, which had been Giod by Stae at 1*26'6, and which was 
oortointy not higher than 127. Branner then undertook the investigation, 
Bud he has shown that the true atomic weight of tellurium is lower than that 
of iodine, being near to 125. For titanium the eiteneive researches of 
Thorpe have confirmed the atomic weight of Ti-49, indicated by the law, 
and already foreseen by Eose, but contradicted by the analyaea of Pierre and 
aeveral other cfaemiste. An equally biiUiaut confirmation of the cipectalioaa 
baaed on tbo periodic Law has been given in the cose of the series osmium, 
iridium, platiuom, aud gold. At the time of the promulgation of the periodio 
law, the determinatians of Bcrzelius. Hose, and many others gave the follon- 
Ing figures :— 

Os-200; Ir = 197; Pt-198: Au-19B, 
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a tiicUoride, BeCl,^lSO, its molecula miut b« bearier than tliat ol CiCli^Ill, ■ 
lighter tban Ibatot MaCl,=19ll, Eiperiment baa shown the carrectnen of the faro 
lonanla. the solution B«CI, i^ 110aH,O hiiing {itt IG"/!") ■ density ol 10188, thii bein| 
highudcneitf thuilbntof lbsioluIi0DKCl + SIMH,O(=^r - - 
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The eipectations of the periodic law * have been oonSrmecl, £nst, by tt 
(lelermiiiatioiis □( the Momio weight of platinmn (by Seubert, Dittmar, aod 
M'Artliiij-. n-hic!i proved to be near to 106 (taking O " 16, as proposed b; 
Uarignap, BrauneTi and otben) ; secondly, by Seubert having proved tbut 
the atomic weight of osmium is really lower than that of platinmn, being 
BMr to lel; and thirdly, by the investigation i of ErflM, Thorpe and 
Lturie, proving that the atomic weight of gold exceeds timt of platiaom, 
and approiinutea to 197. Ths atotuia weights which were thna fbnnd to 
rcqaire correctiao were predsely those which the periodic law had indicsted 
M sSected with errors; and it baa been proved, therefore, that (be periodio 
law affords a means of testing experimontal resultB. If we snoceed in dii- 
eovering the exact character of the periodic relationshipe between tli6 
inerementa in atomio weights of allied elementa disctiseed by Ridberg in 
1BB5, and again by Bazaroff in 18S7, we may expect that our initnimaiit 
will give ug the means of still more closely coatrotling the esperiineatal datu 
relating to atomio weights. 

Let me next call to mind that, while ditclosing the vaiistion of chemiml 
ptopeilie*,' the periodic law haa also enabled us to ■ystematicaTly diacusa 
many of tbe physical properties of elementary bodlea, and to show that tfaeeo 
properties are also subject to the law of periodicity. At the Moscow CoogrMa 
of Russian Naturalists in August. 1869, I dwelt upon the relations which 
existed between density and the atomic weight of the elementa. The IdUow- 
ing year Professor Lotbor Meyer, in his well-known paper," studied Out 
same subjoot in more detail, and thus contributed to spread infonnatios 
about the periodic law. Later on, Comelley, Laurie, L. Meyer, Roberta- 
Ansten, and several others applied the periodio system to represent the ordet 
in the changes of the magnetic properties of the elements, their melting 
pointe, the heats of formation of their haloid compounds, and even of eucll 
mecbamcal properties as the co-efficient of elastlcily, the breaking atrsis, i^ 
Ac. These deductions, which have received further support in the disooreij 
of new elemeuLs endowed not only with chemical but even witb phydeal 
properties, which were foreseen by the law of periodicity, are well known; 
•a I need not dwell npou the sobj^ ^"^ "^^ P*** >o *l>o oonnd<r»(toa of 
oiides." 

■ 1 poiBtsdtheiiioiilintliBlfleM^>.d>ifiitfen, 8tipplaiiMaitBand.nil.lS11,p.ttL 
* Thus, ia the tjpjetl small pitiod ol 

Ii,Bs,B,0, N,O.P, 
vs *•• at oBoa the progrsMlan &om tli« aUali netali to lbs aoid noa-SMtal^ Mub M 

>* Liebig't AnrtalfH, Sapplmual Baod., vii, ISTO. 

" A dktiuet periodicity ean aln b* duoonnd ia the qiaelra of Iha •loncnU. Thna 
tte nKarchM ot Hvtle;, Clunioiu, and oltun han diieloHd, Snl, the tuaBologj 
o( tb* spectia of aoalDgoOB slcmcaU: HSODdlj, ttail Ihs alkali meUli ban umplw 
^Hclia than ths metala nf tlio follmnog groopi ; and Ihinlljf, Ih^l Oars i> a eectaio like* 
aasa batwsu Ifa* complicAUi] gpcctri of mangBBBu uid iron <m the on* Iwnd, aad the 
DD !«■ oompUeatad spectn ot ijilDiim wiil hromin* on tlu othst hand, and thai lik—w a 
Mneipaiida to the dagrve ol aaaloo batwaMi Ums* alsaanti whi ' ' ' ' ' '* ~ 

pehndieUv. 
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ta inilifatiiig fisat tlie giadnal umcMs of Um povor ol 
liciiiiig with oijgui ia «ffrfinip*nied b; » oolmpoodiiig daenue in tlufr 
ppw«r of eoaaMning villi hydiogsi, the p«nodia U« hu ■faovu thkl tbtN ta 
kliiMt of oiidatioa, jiut aa that* ta a vell-koown limit to tha Mfadty of 
ahmwitofag arantwiiii^ wilh lijdragaiL A no^atom of an alemant eoD»- 
Unea villi at miiaf Bxn atoma of attbor tgrdrogaii or oqrgaa ; and lAila CH, 
and aiB, rapraMni Iba bl^uirt hydiidaa, ao £oO, aod OaO, an the hi^iaal 
nides. We are thus led (o reoogniae tjpaa of oxidei, joit ai we have bad t» 
raoognise tjpea of hydrides " 

The periodid law baa dttoorWratad that Iba maiiTntim exlenl to whioh 
diflareol uou-met^ eatar into combination with oij'gea is dslenmned by Iba 
•oleot to which tbeycombinewithbydrogea, and tbu the sumof tbenimibar 
of equivalents of l>otli mast be equal to & Tbna chlorine, n-hich oombinaa 
with 1 atom or 1 equivalent of hydrogen, eaiinat fix morn thui T equivalanli 
ttf oxygen, giving Cl,0,; while snlphur, which fiinaSequivalenta of bydrogen, 
cannot combine with more than 6 equivalents or S atoms of oxygen. It thoa 
baaomes evident that wa cannot recognise oa a fondamanlal property of tha 
aLmenlB the akmtio valencies deduced tnax their hydrides ; and that wa 
must modify, to a certain extent, the theotr of atomicity if wa deure to niaa 
it to the dignity of a general principle capable of oflording an iuaight into tba 
oonstitutioa of all compound molecules. In other words, it is only to cwbon, 
which IB quadiira)Q:<t nith Kgard both to oxygen and hydregen, ihatwa eaa 
apply the theory of constant valency and of bond, by mean! of wluch so many 
itill endeavour to explain the atractnre of compound moleoulea. But I ibonld 
go loo tar if I ventured to explain in detail the oonctiuiona whioh oan ba 
drawn from tha above consideiationa. Still, I think it aeoeaaary to dwell 
upon one particular bet which tnust ba explained from the point of new of 
tile pcriodia law in ordar to dear the way to its extension in that partloular 
direction. 

The higher oxides yielding salts the formation of which was Fnreooen by 
thapenodiosyetem— for instance, in the short Hcries beginning withaodlmn— 
Na,0. MgO. &lfi„ SiO„ P,0.. BO,. C1,0„ 

must be clearly disting:nished from the higher degrees of oxidation whicb ear- 
icapand to hydrogen pecoiida and bear tba tme oboraetar of peroxides. Far* 
oiidea anoh as Na,0,, BaO,, and the tike have long bean known. Similar 

" FonDcrlf itni loppoHd (hat, being a biTslont slcment, oiTgiiii usniilulBtuur 
■■aBping of tha oloiiu, uid there iru no limit lonHco h ta Uh sitant U wtuiili it uoU 
's canld not eipliuu vhf biriJenl ■olphnr, iihich [cnna 



codM Dot olu toim oildra sacb at 



S<^snd8<^>0, 

cbae— 



wbila other elemonti, aa, tat '"•t°~—i ctaloiiDB, fonn compooods enoh a^v 
Cl-O— 0-0— 0-K 
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peroxides have ftlao reccDll]' beoome known in the cuss of chromimn. mlpbor, 
titanium, and many other elomeutg, and I have aomatiiijeH beard it said that 
diicoverLeB of this kind wGoken the concluaions of Ihe periodic laiv in so he 
as it concernB the oiidea. I do not think bo in the least, and I may 
in the fint place, that all these peroxidea are endowed with certain propertiei 
obvioasly common to all of them, wbicli diatin^'uiEh them from the actual, 
Jligher, Balt-forniinft oxldea, especially thuir caay decompoaiti 
simple contact agencies ; their incapability of fonning aalta of the common 
^pe; and their capability of combining with other peroiidos dike the facul^ 
vhich hydrogen peroxide poBsesBes of combining with barium peroxide, dil- 
oovared by Schoene). Again, we remark that aome groopg are especiaUT 
ttharacteriaed by their capacity of generating peroxides. Snchis,far instance, 
the ease in the sixth group, where we find the well-known peroiidea ol 
mlphur, chromium, and nnimum ; so that further inyestigation of peroxide* 
will probably eelabllab a new periodic fonotion, foreshadowing that molyb- 
denum and tungsten will aasame peroiide forms with comparative readiasH. 
To appreciate the constilntion of such peroxides, it is enough to notice IbU 
the peroxide form of sulphur (so-called persulphurio aeid) atand* Jn the uma 
relation to sulphuric acid as hydrogen peroxide stands to water : — 

H(OH), or H,0, responds to (OH)(0H), or H,Op 
and so also — 

H{HSO^. or 11,80., responds to (HSO,)(H80,), or H,8,0,. 

Simitar rolatioca are seen everywhere, and they correspond to the principU 
of substitutions which I long since endeavoiired to represent m one of iha 
chemical generalisations called into life by the periodic law. So also 
sulphuric acid, if considered with reference, to h3'droxf 1, and represented m 
fcllows— 

HO(SO,OH), 

faM its corresponding compound in dithionic acid — 
(SO,OH){SO,OH}. or H,B,0,. 

Therefore, aUo, phosphoric acid, HO(FOH,0^, has, is the same sense, it* 
g compoond in the snbphosphoric acid of Salttar : — 



4 



(POH,0,){POH,0,). or H.P^; 

and we must suppose that the peroxide compound coireeponding to phoepboito 
acid, if it be discovered, will have Ihe foUowing cauctu/e : — 

{K,PO,), or H,P,0, -2H,0 1 3P0,." 
Bo fiu' as is known at preesnt, the highest Ibrm of peroxides is met with in 

" In thia MOM, oulie acid, (COOH)* alio comqMua* to cubonic uid, OH(COOB), 
ia tike UBw waj that ditlUonifi add ccrtHponda to kolphimc acid, and vabpluMiilLorfa 
acid to ^uxphorio ; b«H, it • panaids i>onei]wiidiiig lo cubanie ncid ba obuined, 
jtwiUliavatb*«rastiue<>l(HCO^„orH,C,0,'^E,0 + C/>». So alw leiuj mart have 
a md pereiide, PbgO^ 
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llu peroxida of ■nrftEinm, UO^, prepared by Pairlty;" whUa OsO, is tha 
hieliast oiide giving satis. The line of argamBnt which is icapircd b.v Ihs 
psriodio law, bo (eu ftora itiog wsaliened by the disoover; of peroiiclcs, is 
thua actually elrengthencd. and we must hope that a fiuther aiploration of 
(be regioa under consideralion will conQnu the apphcabilitj to ohemisli; 
generally of Ihe pmcipUa deduced from the periodic lav. 

Permit ma now to coadude my rapid sketch of the oxygen compoundB by 
the observatioa that the peiiodio law i» eapecially btoof^t into evideaoe in 
the case of the oiides which constitute the immeoBe majority otbodieaotoar 
diapoBol on the suiface of the earth. 

The oiiiieB oie evidontly saliject lo the taw, both as regards their chemical 
ukd tbeii physical properties, especially if we take into account tho cbms of 
polymerism which aie so obvious whoa comparing CO, with SinO,,. In order 
to prove this 1 give the deoBiliuB i and the ipecifio volumes u of the higher 
oxides of two short periods. To render comparison easier, the oxides are all 
repreientcd as of the form B,0,. In the column headed A the differences 
•re given between the volume ol the oxygen compound andlhat of the parent 
element, divided by n — that is, by the nomber of atoms of oxygen in th« 
oompoimd: — " 



KOjO 26 24 

Mg,0, 8-6 22 

ilfi, 40 26 

8V>4 2-65 45 

Tfi^ 2-89 60 



-22 



Ca,0 815 86 

Sc,0, S-86 85 

Li,0. i% 88 

V,0, 8-49 m 

Cr,0, 3-74 78 



-6S 



9-6 



I have nothing to add to these figures, except that like relations appear in 
other periods as well. The above relations were precisely those which madt 
it possible for me to be certain thai the relative density of ekaulicon oxido 
would be about 4-7 ; germanium oxide, actually obtained by 'Winkler, proved, 
in fact, to have the relative density 4-703. 

The ibregois); accoimi ib for from being on cihans^ve one of all that hat 
already bees discovered by means of the periodic law telescope in the bonnd- 
lesB realms of ohcmicol evolution. Still less ii it aneihaastiveaocauot of all 
that may yet be seen, bat I trust that the little which I have said will accoimt 



" The cempamida ol anniiua pnpued b; FurU; smn lo ms ecpcdtUjr icttractira 
In Dodentandiiig the peroiidn. B; the nclica ol bjitogea paroxide on umunni oiids, 
TIOi,aparaiideaf uiiniDiB, UO(,4KgO, isobtiinedlXI-aiOIUtliewilBIJaDba.aeid: bol 
it bjdrogen perDiide net oo urimiuiii oildo m tfaB prflunce of euutto Boda, a crjatilline 
dapoiit i) Dbtsiiied vhich hulIienimpoiitioDNi4UOa,4HiO, andandaillyii ■combina- 
ilon ot aodltun pemiide, N*,Oj, with uiiniani penaidn, IIO4. It i> pouibla tliLt the 
flDcner peiende, U0,.4HqO, coaLAiiu the elAmeiiti ol bTdrofen poroiido uid uruiiiuB 
pa«iide, Vfij, 01 >Ten U(OH)KH,0g, like (be peroiide ol tio racaotl; dwnnirad hj 
Bjrisg, which hu ^a aianitutian SD,0,3,0p 

1* A tkni raprcBflnti tbr ■veraga incnuaa of Tolnma for each atom of oxygen oon> 
taiiwd in tbe higher ult-Ionaiag oiide. The teii oiides pTa, u a role, a higbar valM 
el A, whila in Iha cata of tba ttmoglj r"~""" oiidei iU Talna la iuii*Ut oegatife. 
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for the philosophical interest attached in chemistry to this law. Ahhoagh 
but a recent scientific generalisation, it has already stood the test of laboratory 
verification, and appears as an instroment of thought which has not yet been 
compelled to undergo modification ; but it needs not only new applications, 
but also improvements, further development, and plenty of firesh eneigy. All 
this will surely come, seeing that such an assembly of men of science as the 
Chemical Society of Great Britain has expressed the desire to have the his- 
toid of the periodic law described in a lecture dedicated to the glorious name 
of Faraday. 
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ABGON, A KEW CONSTITUENT OF THE ATMOSPHEEE 

Wbitten bi PB0FES30H MENDELSEPF IS FEBEOABY 1S96 

Tae remarks fiiBde in Chapter V., Note lebitretpeetingtHenenlydiscovertd 
cozutitneDt of the ateuosphere ore bere mpplem anted b; data (taken from 
the pnblicalions of the ItoyaJ Society of London) given b; the divcoveien 
Lord Baylcigh and Professor Bamsaj in Januar; 1806, together vith obser- 
Vattons mode by Crookes and Olszewski tipon tbe same subject. 

This ga«, which was diaoovered by Bayleigh and Boouay in atmo- 
Bpberio nilrogeQi was named argi>n ' by them, and upon tho anppositioa of 
ita being an element, Ibey gave it the symbol A. Bat ite true chemloal 
ixatiire a not yet folly kno^vn, for not only has no compound of it been yel 
obtuned, but it baa not even been brought into any reaction, From all that 
ii known abont it at the present time, v/e may conclude with the discovereil 
that argon belongs to those goiea which ore permanent oonslituents of the 
aOnoephere, and that it is a new element. The latter etatement, however, 
requires confirmation. We shall presently see, however, ihut the negative 
chemical character of argon (its incapacity to react with any substance), and 
the EiBoU omonnt of it present in the atmoephere labont 1^ per cent, by 
volume in the nitrogen of air, and consequently abont 1 per cent, by voluma 
b air), as well as the recent date of its discovery (1894) and the difficulty 
9f its preparation, are qnite sufficient reasons for the incompleleness of tb« 
eiistiog knowledge respecting this olemcnt. But suiDe.eo fiuaa is yet known, 
wa Rre dealing with a normal constituent of the atmosphere ' ""i tha 

t Pram the Oreck Apvii> — inert. 

t ^ bi Notd Ifi bis, CbAptAT v., I msJitioned Ibsl, Judging from the Bpeciflc grtTity 
ef uscm, it mi^i fotmhlj be p<j] jmenwd nitrogen, Ifg, bouing the aune relKiioiulup lo 
vtroffeo, N^ tlist ovnW, O^ beui to ordinsxy ozjgen. 11 lbi« ides wan oonflrmAd, itill^ 
me wtnjd uot inugioe tbil ugaa wu (amud Irain the stmnplMriii oitnigea bj that* 
isatliiiiii bj wbicta it na obtained hj Bi.ftsigb and Bamisj, bat rather that il uiMe 
from the tutrogea of tbe stmOBpherv undtr astofal Donditioru. Although Ihii prDpooition 
b DOS qgila d«lraT*d b; Ibe more need molt*, still il i* wmlndictHl bj ths lut Uu* 
the ratio of the apeciflc hutiof ■rgoDKulDandtabel'U, vhich,u luu iinow kamrn, 

Chsptcr XIY.. Note 7) gin the ratio sppiQidDutelT 1*3 (tor sumpli. CO,). Is sbatai^ 
ing tnm tarther concIuiDns, lor ihej muit ineTiIablj be pordj «oni<KEanl, I aoBadn 
it advisable to mggwt that in eonJniiting farther rHMTchMHfOa argon it might be w^ 
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cliBting dfttOi notwitlutMiiliiig Iheir uiBuEIioieDlIy dsfiaite natnre, ahonU 

find Hi place even in aach nn eloroeotary worh as the present, ntl the 

the naiaes of Rayleigh, Ruuskj, Ccuolioa nnd OiszeTvsky, wbo bnve worked 

upon argon, are aiaoag the bighest in our scieaco. and their rsecaitbc 

!the most diffiault.^ These reaenrahes, moreoveir were ilirecl«d sbvight to 

the goal, which was only parti; reactiej owing to the uniiEual propertiw of 

argon itself. 

When it became Imown (CliDpterV..N<ite4bis)th»t Iheoitrogonotituoed 
from air (by removing the Oxygen, moisture and COj by larioua reagenta) 
baa a greater density than that obtained from the varioos (oxygen, bydrogeo 
and metallic) compomida of nitrogen, it was a plausible explanation that tlie 
latter contained an admixture of hydrogen, or of some other light gas tower- 
ing the d<>nsity of the uiiitura. But such an asiumption U refuted not ooljr 
by the fact that the nitrogen obtained from its varioaa compounds (after 
pnri£catioD) has always the eame density (nlthougb the supposed impuriliea 
mixed with it should vary), but also by Raylcigh and Ramsay's oiperiment 
of artificially adding hydrogen to nitrogen, and tbenpaaaing the mixture orar 
red-hot olide of copper, when it was found that the nitrogen regained ita 
original density, i.e. that the whole of the hydrogen was removed by thia 
beatment. Therefore the difference in the density of the two varieliea of 
nitrogen had to be explained by the presence of a heEiYier gcs in adnliitim 
with the nitrogen obtained from the atmosphere. This hypothesis was con- 
firmed by the fact that Raylcigh and Bameay having obtained purified nilrogMi 
(by removing the 0,, CO, and H,0), both from ordinary air and from tit 
which bad been previously subjected to atmolysis, that is which had been 
passed tbroi^h porous tubes (of burnt clay, e.g. pipe-stem), surrounded by a 
rareGed space, and so deprived of its lighter constituents (chieSy nitrogen), 
found that the nitrogen from the air which bad been gubjeoted to atmolysii 
was heavier than that obtained from air which had not been so treated. This 
experiment showed that the nitrogen of air contains on admixture of a gal 
which, being heavier than nitrogen itself,' diCTaacs more slowly than nitrogen 

to eabject JB to &> hi^b a tflmpentara ki pouibts, . 

polymeriiing is tJl the mois ftdiuiiuble [rom tbn fiol th 

in ths Dwlocnla it notMim unliktl]', uid Uul poljnnnisM niliogeD, jBD^ng mHDiniiij 

•umplu, might b« inert if Iho polfmHriution *eni acaimpuiied by the enolnlioD at 

boat. iD'Ihe toUoaliilg fOotnoCei I freqnaill; retam lothio bfpothnii, not only bocaDM 

I h>va Dob yet met anj lact* defioitely coutrwlictoiT to ii, hot slw bscaus the ohiet 

propvrtii<q of nTigoD B^ree vjlb it to a certain extent. 

' The chivVdifficultyibinvutightiii^ Argon IJBA in the fact that i^ prepajslioD leqaina 
Ifae emploxmsnt ol a hign quuitily ol air, which hiu lo be tmied with ■ uniabcr of 
diOeienl nweenli, whcae perfect purity (•specitiU; that ot imiciieuoiD) mil always b* 
danbtlul, ud ugoD bulnol yet beao Irtnifened to ■ lufctlanca in which ilcouldbeSHily 
poriSed. Perhaps the i-DulderabU aolBbility ot ugou in ■■lar(DT in other anitabla 
Ijqnlds, which hare not >ppaieiitiy yet basn tried) may gire the mean* ot doing lo, and it 
iDaybepoHihlB,hyGoUectiiig tbeaitaspaUadbfibbolliiig wslatitoobtaio ■ richer toana 

a IC knight also be aappoaed that thia haavy gaa ia ■aparabsd by the copper whan the 
latter ahnrhi the otjgen ot the air; bnt such a ■appositioa is not only itDprobabta ia 
itsalt, bnt doea not (groa with (he (aat that nilngeB may be obtainsd tien air by abaotb- 
ing the otygsn by larious other aabalaocea in M>lalian (lor inataoos, by tha lover oiidaa 
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through the porous material. I( remtuned. theTefbTS-, to sopiLriite this Jm- 
puritj from the nittogen. To do this Bajleigh and Bomany adopted two 
methods, converting the niaogon into eoM and H^nid aubstaacos, either 
by absorbing the nitrogen by heated magaesium (Chapter V., Note 6, and 
Chapter XIV., Not* H), with the formation of nitride of mogneaium, or sho 
by converting it into nitrio aoid by the action of elactrio sparks or the preoenoa" 
of an eTioesa of air and alkali, as in Cavendish's method.'"' In both coses 
the niCrogeii entered into reaction, while the heavier go* mixed with it 
lemaincd inert, and was thus able to be isolated. That is, the argon could be 
upaiated by these means from the excess of atmospherio nitl'ogen Bccora> 
panying it.* As an illustratioa wo will describe how argon wa3 obtained 
from the atmoaphcric nitrogen by means of tnagaesiom.' To begin with, 
it was discovered that when atmospberio nitrogon was passed throogh a tube 
containing metnllio magnesinm heated to t^dness, its speci^o gravity rose to 
M'B8. As tbia showed that part of the gas was absorbed by the magnetitun, 
a mcrcmy gasometer filled with atmoaphorio -nitrogen was taken, and the 
gas drawn over soda-lime, P,0,, heated magnesium" and then through 
tubas containing red-hot copper oxide, eoda-lime and pbosphorio anhydride 
to a second merenry gasometer. Every time the gas was repassed through 
the tubes, it deoreaaod In volume and increased in denitity. After repeating 

«I tliB metali, like FcO) beiidei red^bol oopper, and tlut tha niLrogaa obttioed ii alw^ji 
JD^ u hravy. Basidei Thioh, nitngcn is &lu Mt freo Iroia ita otidea bf copper, and the 
■utiogcu tltas obuiaed is lighter. Ibec«Iois it U not the coFpei vluch piodacei the 
bHvy gia — ij. ugon. 

■ ta It i( iFortliy ol note t1u( CnvondUti obl^nftd a small reiidua ol gu in MB- 
Tntiiig niliogen into olcrio uiid ; bat be pkid no attsation to it, (IthDngb probkbly b* 
bad In hii baoda tha very Bigon reomtlr diaoovwed. 

< Wliea ia tbeaa eiperimenti, ioatsad ol atmoipbnio nilrogsii Um gas obtained bom 
Ita (umpoDDil irai Uktn, an inert reudui of a baavj gM, luTiBg Iba pn>parti« of igaa, 
vu itlao rDtnofkoJ, baL iU'biDGUnt waa TflxyamaU. Bajlaigb aad Eamta; aaoribe tha 
fa>m*lioa of tliia tcudtiG to the fict thikl thcgaa in theaa erpeiimeiils was coUaoted crec 
vater, and a poilioa d ilw diswlvod argon ia it TBight bava paaiad into Ibe nltcogan. Ai 
tiio aatbon of tbia mppe^tion did not prova it by aay apecial eipenmenta, it lotnia a 
«cAk point in tlusic clusical reHarcb. If it be admitted llul argon la If j, the but ol ita 
being obtaiacil Ifom the nitrogen of ^mpounda migbt b a erplaJnodby thepolymariiatioQ 
of a portion of the nitrogen in the set of r«utian, sllbongb it It Impouible to latnle 
Rajleigh and Bamuy'a hypotboiis of its being ovolTed from tbo vater employed Id the 
nunipnlation of Ibe gases. Three tiiosaand Tolomea D< nitrogen eitraoted tram ill 
oomponnda gave abonb three volnmee of argojt, wliile tbiity VDlmnes vere jleldad b; Ib^ 
same amonot of atmoapheria nitrogen. 

* The preparation ol atgon b; the eooTeruoii of nitrcgcn into nitric acid la ooniplieated 
brlheneoesii^oraddingaUrgo proportion otpxygeoiLDd alkali, of paiBlng.aa electria 
diadiarge thnragh the miitnre Jot a long period, and tbea removing the re m a m i n g' 
mjgSD. All.lbii «a* repeatedly done by the aotbore, bat this method is tar more 
oomplei, botb In practise and thcoiy, than the p npanitioa of argon bj meatu ot 
magnaiiom. From 100 volnmei of air sabjected to conTonion into BKOj, 0*71) Tolama 
ol argon vera obtained after abeocblng the eioeas of oxygon. 

* Id Ibsfo and the toUoirioe eipehmeala the msgaeeina) vas placed in an ordinaiy 
hatd glaia tnbe, and heated In a gaa furnace to a terapaature aboosl sofBciant to toftoa 
Ibe glaaa. The cuirest ol gaa mast be very itovr [a tnbe containiae u tmall quantity ot 
■nlphsric aeid served aa a meter), at otbemiie the heat evolved in the fomiation ol lb* 
UgiN, (ChaplM XI7, Note H) will mell the Inbo. 
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ihii tor Wa ilmTB 1,600 o-c of rm were t«diac«d to 200 

iiMruBBd U> 101 (if ihkt of B, • 1 tad N, - 14). Further IrMtmenl 

mnaindar brought the deniit; up to 1BK>9. After adiliiig a unall q 

of oxjgeii ttnd repusmg tlie gai tfaroogh the apporfttat. the deasit; 

9(Mt. To obtun argoo b; tbis proeen BMomy uid Ea;i«igli (employing » 

awcntty air pomp u>d mereary gsBomstors) oom treated aboat l&O litres of 

atmoepbraio iiitro(;ea. On another oocaaioD the; ttsated 7,025 c.c of air bjr 

the oiidatioii method and obtained 65 oj). of argon, which ooireapoDds to 

0-S9 ptt MSt. Tha duisty of the argon obtained bj this meaiu was neail; 

19^, wfaih that obtained b; the mB«neuiim method varied between 19-09 

aitdaCMe. 

Thus the fint po«iti*e and lery important fitet respecting argon h that 
its apeeiSc gravity is nearly SO — that is, that it is SO tiiiiaa heavier than 
hydrogen, while nitrogen is only 14 limes and oiygen 16 times heai-ier than 
hydrogen. Thii eiplains the difference observed by Hayleigb between the 
densities of nitrogen obtained from its compounds and from the atmospharv 
(Chapter V., Note 4 bis). At 0" and 760 mm. a litre of the former gas wei^ 
l-aS05 grm., while a litre of the latter wei^ 1-3573, or taldog H - 1, tba 
density of the first <- 13-916, and of the latter - 13-901. It the densitj of 
argon be taken u 90, it ii contained in atmoipberio nitrogen to the extent of 
aboat 1-23 per eenk by volume, whilst ait contains aboat 0-S7 par oenL by 
Tohmie. 

When argon had been Uolaled the qtie«&n natmally arose, waa it a naw 
bomogeaeoua sobstaitce having definite properties or was it a miztm* of 
gices ? The lonner may now be positively acearted, namely, that argon Is a 
pecnlisr gt* previously nnknown to chemistry. Such a conviction is in the 
first place established by the fact that argon has a greater nomber of nega- 
tive prtipertiea. a smaliet capacity for reaction, than any other simple ot 
componnd bod; known. The most inert gsa known is nitrogen, but argoa 
far eiMeda it in tbia respect. Thus mtrogenisBbeorbedataredbeat bymany 
tmelal^ with the fbnitation of nitrides, while argon, as ia seen in Ih* mod* 
bf ill prepwation and by direct experiment, does not posHsa this property. 
Nitrogen, under the action of elsctrie sparks, combines with hydrogen in th* 
presence of acids and with oiygen in the presence of alkalis, while argon ia 
nnable to do so, as is seen Cram the method of separation from nitrogea. 
Bajleigb and Bamsay also proved that argon is unable to react with Tihlirirnt 
(d^ or moist) either directly or under the action of an electric disohaim or 
with phosphoros or sulphur, at a red heai. Sodiom, potassioni, and telhiriiil>i 
tnay be distilled in an atmosphere of argon without change. Fused caostio 
•oda, incandescent Boda-lime, molten nitre, red-hot peroiidft of toditttn, 
and the polysolpbides of caleiiim and sodimB also do not react with argoo. 
natinom black does not absorb it, and spongy platinom is unable to excite ita 
reaeUtm with o^gen or chlorine. Aqua regia, bromine water, and a mixture 
of hydrochloric acid and EMnO. were also wilbont action upon srgon. Beeidee 
which it is evident from the melhod of its preparation that it ii: not acted upon 
byred-hotoiide of copper. Ail these facts exclode any poseibOity of argon con- 
taining any already known body, and prove it to be the most inert of sH Iha 
gases known. But besides theae negative points, the indennuliinnv of argon ' 
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oonfirmad by fbnr olmrved podlive properties poasearad bj it, wUch 

I, The flpeotroni of argon obHened by Ciookes onder a low pressure (in 
Goisaler-Pldcker tubes) diBlinguiahei it from other gaaeE,* It wm proved 
by this means that the ugoo obtoioed by nieiwa of nagoasiam ia idexitieol 
nith tliat 'vvhicb remains after the .conrerBioi) of the atmospUerio mtrogen 
into nitrio acid. Like nilrogeo, Brgoo presoDls tno spectra prodaced at 
different potentials of the induced current, one being orauge-red, the otbM 
Bteel-blue ; the latter is obtained under a higher degree of rarefaction and 
wltb a battery of Leydcn jara. Both the apcotra of iirgon (in contradistinctioD 
to tboBO of nitrogen) are distingnished by clearly defined linos.' The red 
(ordinary) Epeotrum of argon has two particularly brilliant nnd chnractoriatio 
r«d lines (uot far from the bright red line of lithium, on the opposite side to 
(he orange band) having wave-lengtha 70504 and 600-56 (tee Vol. I., 
p. G6G). Between those bright lines there are in addition Unea with wave 

lengths ao3'8, ees-i, 66I-0, sss-i, sie-es. 016-5, 450*03. 420-10, 4ia-9eaud 

891'85. Altogether 80 linei have been observed in this spectrum and lift in 
the blue spoctnun, of which 26 are common to both speetra.'* 

2; According to Kayleigb and Bamsay the solubility of argon in water 
U approximately 4 voloioes in 100 volumes of water at 18°. Thus argon 
ii nearly 3} times more soluble than nttrogOD, and iti solability ap- 
proaches that of oxygen. Direct experiment proves that nitrogen obtained 
from air bom boiled water is lieavicr than that obtained straight from the 
atmosphere. This again it ui indirect proof of the presence of argon in 

S. The ratio A: of the two epacifio heals (at a constant pressure and at 

^ The greatent briUiancj ol tbo ipoctrtua of argon is obtsinod aX % tflnaion of A mm., 
■Ulo (or DitroiKo it >■ aboat T5 mm. (Cnoku). Is Chapter V, Not« IS bis, It U HJd 
(hat th« siuaii blu lios obHTTed id Ilia ipactnuD at aignu ii bIh ob«rved in the ipwU-um 
of Ditiogvi. This it a miilako, ainC9 thcra is no ooJacideiuM between the blUQ line* ot 
the aigoa lOid nitrogen spectra. Howarer, we maj add Uiat far nitrogeti thq fcJIawiag 
modeiately bright lines uo knowB ot wiTO-lengtha I8S, Ell, Ell, ElS, iS7, 113,~130, and 
43G, which are repAated in the spectra (rad and blue) ef argon, jodgitif bj CrcollBa' 
»Hnuohes(lB(IS); bat it is natm-illy impooible to asierl that Iheta is perfect idsntitj 
ontii soDie ipecisl comparatiTe work has been done in tbisaubjeot, which Ia very doairable, 
and more etpsciolly for the bloish-iiolet portion of iIm spectnun, more paiticnlailj 
betweon Iho lines 411-43(1, u these Uoes are diitingnidiBd by their btHlianej in both tbt 
argon and nitrogen fepeolra. The above-mentioned lappoaiUonof argon beieg polymerised 
nitrogen (Nj), formed bam nitngen (N,), with the eiolalioD of heat, might End asms 
■uppDrt aLooId it be tonud after catehil cflrnparison that ersa a limitad nmnbec al 
spectral lines coincided. 

■ At first (hs speotnun ot argon uUbits the nitrogen lines, hot after a oeriain Uma 
Ibas* lines disappear (under the inflmnoa of Iha plaUnnm, and also of Al and Ug, but 
with the latter the ipectrnm ol hydrogen appasn) and Iuts k purs argon spectnun. It 
does not appear clear to ma whether a poIymarUalion here tstas plaoe or a limpla 
absorption, Perhaps the eloddalioo at this quettioa would proTS important in the 
history of argon. It would tta desirable to know, for instance, whether the Tolmne of 
argoa ehnsges when it is first sobjected to the aotion ol the electric diicharga. 

■0 wiU n 
ii hypothi 
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A DODStant voInrDe) d( argoa was determined by Rajleigh and Bamrajlij Um 
molhod of the velocity of eound («« Chapter XIV., Note 7 and Chapter VH, 
Note 26) anil was [ound to l>e neatly 1'6G, that is greatec than for those liases 
whose moleouJea coaUin two atoms (for instance, CO,H„N^ air, Me^ lot 
which k ia nearly 1'4) or those whose molecules contuin three atom* (for 
ioBtaace. CU,.N,Ot Ac., lot which h is about 1'3), but clotely spproiimalA 
to the ratio of the specific beats of mercury vapour (Eundl and Warbnig, 
k <= I'GT). And as the molecule of mercury vapour contaiiu one atom, so it 
may ho said that argon ia a aimplo gaaeuu3 body whose tnoleculs coDtaina 
cue atom.'" A compound body shonld give a amaller ratio. The ciperi- 
meuts Qpon the bquefaction of argon, which we shall presently describe, speak 
against the gnppasilion that argon is a mixture of two gwea. The impmV 
ance ol the resolta in question makes one wishthatlhedetertiunatioDSDf Iha 
ratio of the speciGo heats (and 6ther physical properties} might be confirmed 
with all poGsible aacuracy." If we admit, aa we ore obliged ta do Ibr the 
litesent, that argon is a new element, its denuty Ehowa that its atomic weight 
must be itearly 40, that is. near to tbut of K ^ 39 and Ca • 40, which dOM 
not correspond to the eiistingdata respecting the periodicity of the propartiea 
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irboK moLnule mntaiDS but una Ktom. W*r* it 
light bo thouehl Uiat argon, having a dtBHt; 90, 
compoDnd or poljTneriiiad body, for ivitaDH. N^ 
«(!) 



w, pecuIUr. uid qaila siiuiiul ElsnaDtarr Kibsluioe, •incs Uwr* ii as 
nuon lor aunming tl lo contain two jimplo gaMa, or (S) Iho magnitude, * (the ratio g| 
tha spaciSe hauls) does Dot only depend upon Iba nomber of atDmi contaiaad in Uie 
moleculai, bat alao upon the ilore ol ioterofel enecg; (intemil motion of the atom* In 
tbv molMule). Shoold Ihe TKltor be adiuitt^, it woald loUow that tha noJacules of Tsry 
aatiTeesaeooaelinienti would coimpond loa imallsr IthsnthoHoFolhsr (aaeahaviag 
M eqaal nombcT of atom* in theirina1«Dla. Rach a gta [■ cUerine, lor which k-l'lt 
(Chapter XrV^ Hole T). For gseea hniiDg a unall chamical tmngj, oa tba asnlniT, a 
Isrgac magiiitDda wonJd bo aipecLed lor t. 1 think theia qosilioDi might bo partiallj 
aittled br dateraiiiuRi! k tor none (0,) ud •ulphur |S,1 fat abool MV). In otbai mdl, 
I would sau**K though ooly proTinoiiaUy, that tba magnitade, t-I'd, obtained (or 
trxoB might ptore to aer«i oith tha hypoUuHi (hat argon is N,, lomed baa N, «itt 
the arolotiOB of beat or loa ol tnergr. Here argon giT*s riia to quMtiou cf prirnuj 
impoHansa. and it ia (d be hoped thtt fnrtbei H i (arch riD threo Hine 1igbl tipoa then. 
In making Ihaaa ramarkt, t only wiifa to dear Ike road lor lartbar p im i M in tha Mad; 
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eatoc lot Joulitias Iho (ccmry of fUfleigfa and 
>aeeuar) lo •17 the! u fat (Febmary ISOS) I am 
irolthaabonehainiita in tha 'Proopedlngiof tha 
ijr daasription ol Iba netbods amplored and malt* 
^ laral eonaliuioni) tha aathon IhemHlivi tiprma 
wde doubt sa la tha simpla natEra oF argon. Monorer, il Htma to me thai (Notr tO| 
Ihare moit b* a dapandaoee ol t npon tba ihenieal energr. Basdea whieb, it ii not 
elaai what demilr of tha gis Ra^leigh and Rubwt tsoV in dvlanniniitg k, (If aiinn be 
Hsitsdeiuiljwealdbaaaaitoal.) Haaes 1 fwialt layHH la eipiaas mdh doabt as •» 
whethar tha molssnls ol srgoo eoataiaa bat one alook 
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of the elements in dependaaee upon thoir atomio welghta, for there « no 
reason on Iho basis of cxiHljnK data fur admitting any intermudiate oIomcntB 
between Ci - 35-5 and K - 83, anil nil the poailiooa abovB polaisiuin in the 
periodio ByEtcm are oocupied. Thia reodera it verydeairalle that the velocity 
of sound in argon should bo rfl'detenained.'* 

4. Argon was liquefied by Profcasor Olszeweliy, who is well known for his 
daiaical rsBeorabea upon liquefied ^lues. ThMe reeearohea have an oipeclol 
interest aincD they show that argon exfaibita a perfect oonatanoy in its 

!• It [l .lionliJ bo (oODd lh»t * lor ugon a lau Ibu, vi, or that t ii dapODdsnt npon 
Uh cbamictl (iMrgy, it Tonid be pouible lo admit Hub tho moliyiiilo ot argon caot>in) 
■M0Ba,bnlHTen1tttimi>— tor iiutvioa,ai(hBrN, (then the daoiity wonld be 21, wlucb 
ii mu to tbe obucnd dfluiil]') or Xn if X ituid foi u Dlamenl with m iMnuo weight 
BMt lo B^. No oloraonta in known helwsaa B^I uid Li-T, bnt perhtpi Ihsf mur 
vdaL The hjpothoeiB A»ia do« not vlmit ugon into the periodio rjttea. If Uw 
BMilaBIlls of ugon bo token u A, — i.«. tho utoiuio weight u A-90 — ugon ippikniiiljf 
flndi > place in Qrodp Vni., betwMn F^IS uid N>-S3; bat nuoh a poution ooold oalj 
be jiutiaed by the cnniidantion Ihikt datSBUt* ot nnall fttomio might belong to tb« 
MtegOfJ ot tjpioal etemenle whioh offor mur poonliirities in thsir propertio, h it 
tea on aompBCiag N irilh the other elsmanU of Oronp V., ot O with thoae ot Oronp 71. 
Aput Imn tbi( then Cfipean to me to be liElls probEbility. id the light ot lbs pariodio 
Ux, io Ilia paBtioa of hi iosrt rabnuiea like ugao in Group VTEL, between rnich uliTO 
ejcramla la flDorinf and Kidiun), aa the repreienlAtives at thi> group bj thoii atomio 
weight* and alio by their propertiea ihow diiliact truuiiioni Irom tho elemeola of (ha 
laat gtoupa of the unefen aariaa to the alaraantfl of Uie flrat groupa of the even aeriea—for 

onop VI. vn. Tm, L n. 

Ci Ka Fii,CoJJi Cn Zo 
WUb if w* plaoe Bfgoo in a similar dubbt. 

VL vn. TIIL 1 n. 

0-IS F-ia k-SO Na-2S Ug=M 

atthongh ^om a aameriaal potat of Tiew there tj a linilar aeqiteoce to thv ibove, alill 
from a *A«TT,.j.*r and physical point ci view the result is qnito diffsront, as there is do 
■oeh reaggiblance between the propnllH ot O, F and Na, Hg, aa between Cr. Ud, and 
Od> Zn. I repeal that only the Iypii:a1 ehuuAet at tbe alemaila with snuU aioraio 
weighta oan juititj Iho atomic woighl A-M, and tho pUeing of argon In Qronp VUI 
Bioongat the tyincal alements ; thsn N, O, F, A ace a series of gases. 

It wpesr* *" "" simpler to UBume that argon conlaioB N], espooially a* argon Is 
present in nilmgen and acoompuues it, and. as a matter of taot. none of the obaerred 
properties ot argon are contradictory to this hypothesis. 

These obserrations were written by me ia the b»^juiing at February 1B9S, end on 
the 19tb ot that month I receirad a letter, dated Februaiy SS, Irom Prolesaor Ramsay 
iofainiiDg me that ' the pertadia dusification entirely corresponds Ui its (argon's) slomie 
weight, and that it even giree a tresb proof ot the periodio Liw,* judgiog from the 

abova agreement between the atomic weight of argon and tbe periodic syvtem was anired 
at, i* not mfBrted lo in the letter, and wo remain b expectation of a Brat publication of 
Iha work of Lord Bayleigh and Profeasor Bamsey. [For more complete iufonnattoB ae* 
papers read befon the Boyal aociety. January SI, ISM, February 13, Harch 10, and 
Hay U, IBM, and ■ paper pabliabed in the Chemical Society's Traosaoliaiu, ISOC, 
p. (84. For abstracte ot these and otbor papers on trgon and heliuni, and oorrespoo- 
doDoe, see ■ tTatsie,' IBM and ISSt.] 





[iropertiM fn the liquid and critical eUAta, ivhich klmotit " diapoM* of Iba to^ 
poKilioD thftt it contaim » □liiiiu'e of two or more uiJcnown gu«a, &s tba 
Gnt eiperimeiits ihowed. argoD rcnuins a gaa under a preamro of UNI 
atau)a|ihsres uid at a teiuperature of -90°; thia indicated tlial its erilicMl 
temperature was probably belon this temperalora, ai was indeed foond to 
be the caae when the temperature was lowered to — 128°-G " by meana of 
liquid etbylcDe. At Ihia temperalnre argon easily liqaeGes to it cotourleaa 
liquid under HU atmospheieB. The nieniaEug begins to disappear at betweta 



gitrea in ChspUr (L, 



is Uu alw>lat« (criiical} bofJinf point, pe the praHi 
CMTapondiDe to it.< tha boilisg point (Diidct sptsnar* g| TD 
and I Ibt ipeulla gririlji in ■ tiqaid itiU al I. 

Tbfl Above ihawfl thaX STgon in its prnpntida in & liqnid «Uto slandl assf to iiljpi 

mi highar than tor Ditrogm. Xhit tulJ j aniwora, not oolj to lt» bighudeniilf (rfaipoa, 

bnl bIso to tbe hfpotheiit Ui&t il tontaini N^ And at Ihu boiliog point ol argm iitttn 

(ram tbat of nitrogen and mygan bj leu than 10°, and ill ajnount la Bnail. il <■ WHf U 

oaderstuid faow Dovar {IBiM), wbo tried to aopATate il Irom liquid air and nilngni t/j 

fractional diatillation, was qnable to do ». Tht Brtt and laat portioni warv iiliinllj^ 

fram Dial obUimd rna 

ih liadbHnpaaafdIhroagbatabtHHiUininglDcaiidoaMnI 

gU. il il not qnite cleu wt^ both kinds ol niktogen. aftar being paitad 

liam in Diwar'a apanmenW, eihibileil to aImo>l tlmilar alLeraliaa in 

their proptrtiei, indepaadent of the appearaoce of ■ amajl quantity ol brdlogrn in tbea. 

Ctmelu^ing Jimarti (Hareh Bl, I89M.— The 'Coinplea rendni' or the Paii< 

AatdnmTof SinenoH o( HarchlB, lB9t,iontaiiuani*ninlTbTBert)icloI upon the teaetioa 

il a tilmt dltcharge. la tiia ex. 

itnta, Berthalot incceeded in treating M per wot. of the argiea Ulna (or the 

lae, and npplied u him by itamnj (37 ex. in all). The ooDpoaftiDii ol IhapnidiKit 

not be datsmtnod owing Co the nnall ainnDDt obtained, bat ia ila miMaid 

frahled the prodnct fonned nndor aimilar oendiliona by nit iug a a . 

"niii obaarratioD of ttw laoioiu Fnach chemiit to aome ulenl aapporte the lappeallioa 

that argon Ii a pDlymeriaed Tariety of sitrogan whoae molecnle conlaini N,, vliile DTdinnj 

m'tngen onnlaina M,. Should thi« anpiwaitian be eientDally TeriBed. the inlenM la 

cntal data trem Beyleigh and Ramaay. 
The taleal information ofatained by me hum Irnidon )■ thai ProlcHor RaoiBy, by 
treating dereil* (tontaioiog PbO, UO^ I^,, *c) with sulphDrie add. ohiainrf argan, 
and, lodging by the ipaetraD, helinni bI«. The >«nmDlalioB of ilmilardato may.afttr 
detailed and diTenlfled reHaieb, anildanbly iooeue the itofk uT rberairal knoirledge 
wUch, oonalanlly widening, eamal be ethanilinly Inatod in Ibean ' PrinciiJca ol 
Cberaistry/ ilttioa(h i«T pmbatfj (Uuiibing hsdi praol at Um 'pniodidU of lb* 
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- 119^*8 and - 121^*6, mean - 131*' at a pressure of 50^ atmoepheres. The 
vapour tenfdoD of liquid argon at — 128^*0, is 88*0 atmospheres, at - 187^ 
it is ono atmosphere, and at — 189^*6 it solidifies to a colourless substance 
like ice. The spocilic gravity oi liquid argon at about - 187*' is nearly 1*5, 
which is far above that of oUier liquefied gases of very low absolute boiling 
point. 

Thedlscovery of argon is one of the most remarkable chemical acquisi- 
tions of recent times, and we trust that Lord Bayleigh and Professor Ramsay, 
who made this wonderful discovery, will farther elucidate the true nature of 
argon, as this should widen the fundamental principles of chemistry, to which 
the chemists of Great Britain have firom early times made such valuable 
contributions. It would be premature now to give any definite opinions 
upon so new a subject. Only one thing can be said ; argon is so inert that 
its r6le in nature cannot be considerable, notwithstanding its presence in the 
atmosphere. But as the atmosphere itself plays such a vast part in the 
life of the surface of the earth, every addition to our knowledge of its compo- 
sition must directly 4>r indirectly react upon the sum total of our knowledge 
of nature. 
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— femcjMiide, Ii. 346 


Bcuditim. iL 94 ^^M 


— ttnocjimit. i. 340, U9 






- cblocidee, ii. 37S ^^H 


— hjdrDiide. i. MB 




— iodida. i. 660 


Bili», ii. 100 ; iL 100 ^^^H 


— Din^uate, ii. SIO 


— loluble. 113 ^^^1 


— nitr.te, i. 558 


Bilici(t!>. 1. 544 : iL lis ^^^H 


— Diidu. 1. E59 


BilicoD, iL 99 ^^^^^^1 






— ii. 103, 101 ^^^^^^M 




— lUnnnle. ii. 138 






— BulphalB. i. 72. 549 


— bromide, ii. 104 ^^^^^^H 




- sulphide, ii. 919 


— ii. 106 ^^^^^^H 






- hjdrida. ii. 103. 103 ^^^^^H 






- iodide, iL 105 ^^H 




Pra.Bodidjniium, ii. 97 


— iodotoim, ii. lOS ^^H 




PioMid labaluicrs. i. 224 


Silver, 418 ^^H 




Proul'i hypothesis, ii. 439 
Pruaeiui blue.!. 419; ii. 349 


— allotropic vurietiea of. ii. 491 ^^H 




~ bromide, ii. 429 ^^M 




PurpimxMiobaltio udU. ii. 381 


— chlorite, IL 437 ^^^| 






— Chloride. iL 429 ^^^H 


Pyrioollodion. i. 276 


— cTuidB, ii. 438 ^^^H 




— 430 ^^^M 




Pjrosulphutjl chlorida, L 3S1 1 U. 8U 


- ii. 4afl ^^^^^1 

— iodide. 430 ^^^^^^H 




RiACnoNB. cheiDlcil, i. S 


-n>tr<.h>,ii^6 ^^^^H 




condition, tor, i. 34 






conUct. i. 89 






endDlhenoii. i 30 


- oiidea. ^^^H 




eiotheniiKl. i. BO 


— peroxide, ii. 433 ^^H 




limil of, L 437 


-pblinft.iL484 ^H 




ntt of. Ii. isa 


— Boiuble. il. 430 ^^M 




IUules<«Dce, ii. 933 


— aabchlDride. iL 433 ^^M 






81aga.iL333 ^H 




fielrutioD eaaivalcnt. I. 938 


8m>lt. ii. 354 ^H 




8o.p.. i. 531 ^H 


B>i<iii'> Miu. ii. SM 


&odm tab, i. 619 ^^M 




~ cauBlIc, 1. 527 ^^M 




BbDdlani, ii. 361 


— munufuturo ot, L 499 ^^M 




Bock ull, i. 411 


- «ute. i. 323 ^H 




Bowocobiltio aatti, ii. 360 


sodimidc. L rm ^^M 






Soda lime. L 237 ^H 




Bobidioin, i. 676 


Sodium, i, 513. 633 ^^H 




ButhM.>un., ii. 879. 869, 364 


— bloubonaU, 1. 590 ^^H 










~- aolubllity of. i. 45a 




— vipoar densil; ol, i, 817 


mualMlan of , L 633 ^H 


6alU,i. 187.119 


MluUooi ot. L 626 ^H 


— wid. i. 193. 68S 


~ohloibh.L4I9 ^H 


— b«ic,i. lUa,GBS; U.D4 


double ittlU ot. i. 430 ^H 


— doQblfl. 1. 698 


1 


H^^ 


. 1 



^H^^^^^^B^^^I 


^^^m SUBJECT IN1J£X fiI7 ^H 


■OD 

Sodium hydride, t. £37 




— hydroiide, i. 6*8, 6W 




Bolutioni ol. L 629 


Sulphates, ii. 248 ^^^^^H 


— nittRte, i. 269 


Bulpbideg, i. 98 ; ii. 31& _^^^^^H 


»)liitioaB ot. I. 73 


Bulphonitritee, ii. 229 ^^^^^^^1 




Sulphoif], ii. 260 ^^^^^H 


— oiidei, i. 640, Ml 


200 ^^^^^H 




— chloride! ot, il. 36« ^^^^H 


— -IjUliDite, ii. 378 


Sutphuictted hjdrogu), ii. 208 ^^H 




Butphurid aohjdride, il. 233 ^^H 




— poroiide. ii. 261 ^H 


— »Unnlt«, ii. 133 


Sulphurous anhydride, ii. 334 ^^H 


— aobcbloddD, i. MO 


Sulphur;) chloride, il. 209 ^^^^M 


— EulphkW, 1. S13 




Uid ul(. !. G18 




crjstjUlohjdr.lBB ot. 1. 61B 




nalulions ol. i. 73, Glfi, G18 


198 ^^^^^H 


--■uiphite.ii. aae 


371 ^^^^H 




— ii. 375 ^^^^^H 


tolQtian* or. i. 7* 


_ chloridei, ii. 275 ^^^^^H 


•- iDDuUle. ii. 294 




Bails, i. 341 ; ii. TS 


Trinpemture, critical, 1. 131 ^^^^^H 


aolubilitj ooelGcieiit ot. i. 07, 71 


Test papers, i. 166 ^^^^^^H 




Tbalhum, ii. 88, 91 ^^^^^H 


— ■qDiiODa, i. S» 


93 ^^^^H 


~- builiDB poind ot. i, 94. 100 






— 93 ^^^^^^H 


— colour of, i. 95 




-diffusion of, i, 61, 429 


TbioDil chloride, ii. 267 ^^H 
Thiophosgene. ii. 263 ^^H 


— of double uHle. i. G99 


— totmMion ot ieo from, I. 91. 438 


Thiopbospborf 1 fluoride, ii, IBS ^H 




Theorj, atomic, i. 316 ^^^M 


— ot K<>»>, i. 63 


— unitary, 1. 195 ^^^^^M 


— iloloaic. i. 64 


^^^^^1 


— esturated, i. 65 




— tpeoifio giUYitv ol, I. 429. ES4 


118 ^^^^^H 


125 ^^^^^H 


- tboorj of. i. 04, 88. 93. 97406. 2M. . 


— 13T ^^^^^B 


333, 60a ! ii. S. 164 


144 ^^^^^H 


— vipoui teiuion ot. i. 90. 99 


— efaloHde.Il. Its ^^^^^H 


— volamcs ot. 1. B7 


— 146 ^^^^^H 


— Specific heat. i. 685. 689. GS8 


— nltrootanide. ii. 14S ^^^^^H 


Speetrom BoalfBii, i. CM. «1 
BUnnio chloride, U. 1S3 


— 145 ^^^^^1 


Tripoli, ii. 110 ^^M 




— fluoride, ii. 132 


TuDgBtates, ii. 209 ^^H 


— Oiide, il. 130 


Tungsten, ii. 290 ^^M 


-nilphide.ii. 133 


— uibrdride. i>. 291 ^^^^^M 


BtBonouB chJoride. U. ISO 


— 297 ^^^^^H 


— oiide, ii. 129 


- «ulpbide, ii. 397 ^^^^^H 


— MltB, ii. 129 


TumbuU'i blue, ii. SSO ^^^^^H 


Bt»m, npour Uosion ot, t. M 




Bleel, iL SST, 32S. 330 




Btiontiam. i, 615 




— cbtoride. i. 616 




— hydroxide.!. 615 


Uiuiium, U. SO, 39T ^^^^^H 


— nilmle, i. OlS 


— klomic Height ol, II. M ^^^^^H 


— o»ide, i-617 


— U.B01 ^^^^^H 




— oiides, ii. 998 ^^^^^H 



618 



PBINCIPLES OF CHEMISTRY 



XJtUk 

* 

Uranium tetrachloride, u. 301 
Urano-alkali compoonds, iL 298 
Uranyl, ii. 801 

— ammonium oarbonate, iL 300 

— nitrate, ii. 300 

— phosphate, ii. 800 
Urea, i. 409 



Valbnct of elements, i. 404, 418, 681 
Van der Waal's formula, i. 82, 140 
Yanadic anhydride, ii. 196 
Vanadium, ii. 194 

— oxychloride, ii. 195 

Vapour density, determination of, i. 301 
Ventilation, i. 244 
Viscosity, i. 355 
Volumes, molecular, iL 4 

— gases, i. 800 



Watbb, i. 40 

— composition of, L 114, 118, 148, 169, 
805, 333 

— compressibility of, i. 53 

— of constitution, L 109 

— of crystallisation, i. 95, 510 

— dissociation of, L 118 

— expansion of, L 58 



Water gas. i. 129, 400. 401 

— hard, L 47 

— hygroscopic, i. 56 

— mineral, i. 45 

— rain, i. 43 

— river, L 43 

— sea, i. 46 

— specific heat of, L 59 
gravity of, i. 50 

— spring, i. 44 
Wave lengths, i. 564 
Wood, i. 339 



TrrERniuM, ii. 98* 
Yttrium, ii. 98 



ZiNO, ii. 39 

— ammonia-chlorides, IL '41 

— chloride, ii. 40, 41 

— compounds, heat of formation of, ii. 
51 

— oxide, ii. 89, 40 

— sulphate, ii. 39 
ZUrconium, ii. 146 

— chloride, iL 147 

— hydroxide, ii. 147 

— oxide, ii. 147 
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